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PART  I 

INTRODUCTION 

--Chapter  I-- 

The  Direct  Current  Corona 
Section  1;  The  Nature  of  the  Corona  and  Previous  Wprk. 

In  alternating-current  transmission  lines  at  very 
high  voltages  a  loss  occurs  by  dissipation  of  power  into  the  air. 
This  is  accompanied  by  luminosity  of  the  air  surrounding  the  con- 
ductors and  to  this  glow  the  name  corona  has  been  given.  Loss 
begins  at  some  critical  voltage,  depending  on  the  size  and  spacing 
of  the  conductors , etc ., and  increases  very  rapidly  above  this  volt- 
age.    This  corona  effect  is  of  considerable  importance  as  it  in- 
volves a  power  loss  of  some  magnitude  on  long  lines  and  it  has 
been  studied  by  Scott, Ryan, Mershon,Jona, Peek, Whitehead  and  others. 

The  corresponding  direct  current  case , although  not 
of  such  immediate  importance, is  yet  of  considerable  interest  in 
view  of  the  high-tension  direct  current  developments  on  the  Conti- 
nent of  Europe.     The  only  work  of  much  importance  along  this  line 
has  been  done  by  Watson  and  SchaffersV  .  Watson  has  carried  out  a 
number  of  tests  of  wires  strung  axially  along  a  cylindrical  tube 
and  also  on  two  parallel  wires  out-of-doors.     The  wires  used  varied 

1)  Watson,  Electrician-London.     Vol.  63,   1909., p. 828. 
ox  Vol.   64,    1909-10, Dp. 707  &  766. 

Schaffers,   Gomptes  Rendus,   July  1913,  p. 203.  * 


by  gradually  increasing  diameters  from  0.70  mm.   to  IS. 76  mm.  The 
source  of  pov/er  was  an  influence  machine  of  special  design  and 
large  output  and  would  give  any  potential  required  up  to  70,000 
volts.     The  arrangements  for  his  tests  and  the  terms  commonly  used 
in  connection  with  the  theoretical  discussion  of  the  corona  can  be 
brought  out  by  a  quotation  from  his  paper  of  Gept.1909: 

"The  wire  was  enclo8e4  in  a  galvanized-iron  cylinder 
8  in.  in  diameter  and  6  ft.  long,  which  could  be  exhausted  of  air 
by  means  of  a  small  motor-driven  pump.     The  degree  of  humidity  of 
the  air  was  also  under  control.     Experiments  would  be  made  at  var- 
ious pressures  from  atmospheric  down  to  350  mm. 

The  use  of  a  wire  in  a  concentric  cylinder,  although 
not  representing  the  actual  conditions  of  a  transmission  line,  is 
yet  very  convenient • when  it  is  desired  to  have  various  factors 
under  control.     It  possesses , moreover, the  advantage  that  consider- 
ably lower  pressures  (less  than  half)  are  required  to  produce  the 
same  electric  stress  around  the  wire. 

Theoretically,   the  critical  voltages  for  a  wire  in  a 
cylinder  and  two  parallel  wires  have  a  direct  ratio,  which  can  be 
calculated  when  the  dimensions  of  the  wires,  cylinder,  and  spacing 
are  known. 

The  expressions  for  obtaining  the  electric  stress  at 
the  wire  are  as  follows :- 

Wire  in  cylinder.  Y 

R  =  

max . 


a  log   

^  a 

Two  wires:- 


2a  10^^  ■        '  ~d 
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where  V  =  P.D.  between  wires, 

a  =  radius  of  wire, 
d  =  distance  apart  of  wires, 
h  =  radius  of  cylinder. 

Of  those  formulae,   the  first  is  exact,  while  the 
second  is  only  approximate,  but  is  very  nearly  correct  for  all  or- 
dinary cases  where  a  is  small  compared  to  d,  and  the  wires  are 
well  above  the  earth!! 

The  value  R^„^  in  the  above  formulae  is  called  by 
max  •  " 

some  writers  the  "critical  surface  intensity"  and  is  extensively 
used  in  expressing  the  results  of  tests.     It  has  been  well  estab- 
lished by  V'/atson  and  others  that  this  critical  surface  intensity 
increases  very  greatly  as  the  radius  of  the  wire  decreases.  A 
com.parison  made  by  Whitehead  of  his  results  for  this  intensity  in 
the  case  of  alternating  potentials  with  the  similar  values  deduced 
by  Watson  for  continuous  potentials  shows  that  for  a  given  size  of 
wire  it  requires  the  same  voltage  to  produce  corona  in  both  oases, 
if  the  maximum  value  of  the  alternating  potential  be  used. 

The  appearance  of  the  positive  and  negative  ooronae 
are  described  by  Watson  as  follows :- 

"Wire  in  cylinder ;     As  was  to  be  expected,  some 
difference  was  found  to  exist  between  the  case  where  the  wire  was 
positive  to  the  cylinder  and  when  it  v/as  negative  to  it,  these 
differences  occuring  both  in  the  appearance  of  the  corona  and  in 
the  measurements  relating  to  it. 

When  the  wire  was  positive  to  the  cylinder,   it  ap- 
peared,  if  viewed  in  a  subdued  light,   to  be  surrounded  with  a  thin 
luminous  film.     If  viewed  in  complete  darkness,  under  certain  con- 
ditions the  space  surrounding  the  wire  for  a  distance  of  1  cm.  or 
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2  cm.  radially  was  seen  to  be  full  of  fine  branching  bluiah  purple 
brushes,  darting  about  all  the  time  and  never  remaining  stationary 
on  any  point.     The  discharge  made  a  slight  hissing  noise. 

When  the  wire  was  negative  the  luminous  film  was 
absent,  but  the  wire  was  surrounded  by  a  halo  consisting  of  short 
straight  reddish-colored  discharges  about  3  to  5  ram.  long,  prac- 
tically stationary  and  much  brighter  than  the  corresponding  posi- 
tive discharge.     This  discharge  was  accompanied  by  a  loud  hissing 
noise  plainly  audible  above  the  hum  of  the  motor  and  the  influence 
machine. 

The  negative  corona  was  greatly  affected  by  the 
presence  of  particles  of  dirt  upon  the  wire.     If  the  wire  was  dir- 
ty the  discharge  seemed  to  concentrate  itself  upon  the  particles 
of  dirt,   from  each  of  which  a  bright  tuft  of  reddish  light  emanat- 
ed not  much  longer,  however,  than  tlie  previous  brushes  from  the 
clean  wire.     The  discharge  was  much  less  noisy,  and,   in  fact,  if 
the  wire  were  dirty  enough,  nearly  silent." 

The  article  by  Schaffers  referred  to  above,  gives 
the  results  of  a  study  of  the  ionization  in  cylindrical  fields, 
using  wires  of  various  diameters  ranging  from  0.0006  cm.  to  0.70 
cm.  in  tubes  ranging  from  1.70  cm.  to  11.7  cm.  in  diameter.  He 
says  nothing  of  the  source  of  potential  used  or  of  the  appearance 
of  the  coronae.     He  finds  that  for  the  larger  size  wires  the  posi- 
tive corona  appears  at  a  lower  voltage  than  the  negative  and  that 
for  the  smaller  sizes,   the  reverse  is  true,   the  radius  0.01  cm. 
separating  these  two  regions.     Another  conclusion  reached  by  this 
investigator  is  that  the  nature  of  the  material  of  the  wire  is 

without  effect  upon  the  coronal  voltage,  at  least  if  the  wires 
are  not  very  fine. 
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A  recent  paper  on  "Theory  of  tho  Corona"  by  Berf,en 
Davia  (Proc.  A.I.E.E.  April  1914,  p. 529)  containn  the  only  attempt 
thua  far  published  to  adequately  explain  the  physical  laws  govern- 
ing the  formation  of  corona.     His  method  of  attack  upon  this  prob- 
lem may  bo  summarized  in  the  following  published  abstract  of  hie 
paper : 

"The  theory  of  the  corona  developed  in  this  paper 
explains  tho  coronal  discharge  by  the  application  of  the  known 
laws  of  the  discharge  of  electricity  through  gases. 

The  experiments  of  Dr. Whitehead  and  Mr.F.W.Peek  and 
others  have  shown  that  the  surface  gradient  X^at  the  surface  of  a 
smooth  wire  necessary  to  start  tho  corona  increases  very  greatly 
as  the  radius  of  the  wire  decreases.     As  an  illustration  of  this 
increase  it  is  found  that  the  coronal  gradient  X„  at  the  surface 
of  a  wire  0.5  cm.  radius  is  46,000  volts  per  cm., while  a  gradient 
of  97,000  volts  per  cm.  is  required  for  a  wire  of  0.02  cm.  radius. 
The  phenomenon  is  due  to  ionization  by  impact.     The  ions  n^ move  in 
toward  the  wire  from  the  place  at  which  they  cross  a  region  where 
the  gradient  is  X^=  26,600  volts  per  cm.  up  to  tho  wire.     They  pro- 
duce other  ions,  and  n  ions  arrive  at  the  wire.     The  condition  for 
the  corona  is  that  n  shall  be  a  constant.     if  a  =  the  number  of 

ions  that  one  ion  produces  in  a  cm., then 

I  a  dx 

n  =  n  e 

o 

The  o(   is  a  function  of  X  at  every  point.     This  function  is  express- 
ed in  terms  of  x.     It  is  introduced  into  the  above  equation,  and 
on  integration  the  equation  for  the  corona  is  obtained.     The  equa- 
tion also  contains  a  term  for  the  density  of  the  air.     The  equa- 
tion thus  takes  account  of  changes  of  pressure  such  as  altitude 
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and  temperature  effects.     The  equation  when  plotted  in  a  curve  for 
the  variation  of        with  the  radius  of  the  wire,  agrees  with  the 
experimental  results  of  Peek  and  V/hitehead  with  as  ;T;reat  aoouracy 
as  the  experimental  results  would  warrant." 

Section  2:     Object  of  the  Investigation  of  the  Corona. 

A  considerable  amount  of  work  has  been  done  on  the 
loss  of  power  due  to  the  formation  of  the  corona  in  high-tension 
transmission  lines.     The  phenomena  have  been  studied  exhaustively 
from  the  technical  standpoint;  but  the  real  physical  laws  have  not 
yet  been  discovered,  except  that  we  know  that  the  corona  is  con- 
nected with  the  ionization  of  the  air. 

The  object  of  this  thesis  was  to  discover  the  un- 
derlying physical  laws.     It  was  necessary,  however,  before  the 
theoretical  problem  was  attacked,   to  extend  the  measurements  with 
sTialler  wires  and  reduced  pressures,  to  investigate  the  distribu- 
tion of  the  field,  and  to  measure  the  velocity  of  the  ions.  This 
experimental  part  lead  to  so  many  new  effects  and  phenomena  that 
it  seems  premature  to  form  final  ideas  on  the  mechanism  of  the  phe- 
nomenon. 
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—Chapter  II  — 
Generating  Apparatus  and  Instruments 

Section  1:     Set-up  of  Apparatus, 

The  source  of  the  continuous  potentials  employed 

in  this  investigation  was  a  battery  of  small  continuous  current 

generators  connected  in  series.     There  were  thirty  of  these,  each 

rated  as  follows: 

Continuous  Current  Generator. 
Amp.  0.5.     Spec.  S60391. 
Watts  250.     Speed  1700. 
Volts  500.  Shunt  Wound. 
General  Electric  Co. 

The  potential  available,   then,  was  15,000  volts  when  the  machines 
were  run  at  normal  voltage. 

These  generators  were  arranged  in  two  sets,  one  of 
twenty  machines  and  the  other  of  ten.     The  first  set  consisted  of 
two  parallel  and  adjacent  rows  of  ten  machines  each,   the  rov/s 
being  made  up  of  machines  connected  end  to  end  by  flexible  coup- 
lings, and  both  rows  being  driven  by  a  five  horse-power  direct- 
current  motor.     The  generators  were  self -excited  and  could  be  put 
into  service  by  closing  a  small  knife-switch  in  each  field  circuit. 
Voltage  control  was  obtained  in  this  manner  and  by  controlling  the 
speed  of  the  set  by  field  control  of  the  motor.     A  fine  adjustment 
of  voltage  was  obtained  by  means  of  a  rheostat  in  the  field  circuit 
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of  one  of  the  generators.     The  series  connection  botweon  the  ma- 
chines was  permanent.       The  second  set  consisted  of  ten  machines 
separately  belt-driven  from  a  line  shaft  belted  to  a  five  horse- 
power shunt  motor.     These  machines  were  controlled  by  single-pole 
double-throw  knife  switches  so  wired  that  when  the  blades  were 
down,   the  fields  were  short-circuited.     By  throwing  the  blades  up 
the  fields  were  excited.     The  series  connection  between  these  ma- 
chines was  also  permanent.     Voltage  control  of  this  set  was  obtain- 
ed by  the  switches  and  by  a  rheostat  in  the  field  of  one  of  the 
generators. 

The  apparatus  used  and  its  arrangement  are  shown  in 
Figs.  1  and  2.     The  numbers  on  the  photograph  indicate  the  follow- 
ing apparatus: 


1 
2 
3 
4 
5 
S 
7 
8 
9 
10 
11 
12 
13 
14 
15 


Generating. Set  #1.     Set  #2  in  background. 
Knife  Switches  for  Field  Control. 
Field  Rheostat-Set  #2. 

Line  Switch.     Brass  Contact  Weight,  Alercury  Cup, 
U-Tube  Water  Resistance  for  Protection  of  Instruments. 
Positive  Bus-Bar.    #10  Copper.  Connected  to  5). 
Negative  Bus-Bar.     #10  Copper.  Grounded  on  Water-Pipe. 
Kelvin  Electrostatic  Voltmeter. 
Electrostatic  Voltmeter  by  Max  Kohl,  Chemnitz. 
Switch  for  Connection  of  Corona  Apparatus. 
Pole-changing  Switch.    Mercury  Cups  in  Paraffine. 
Corona  Apparatus. 
Mechanical  Air  Pump. 
Mercury  Air  Pump. 

Drying  Apparatus.     Soda-lime  Tube.  H2SO4  Wash-bottle. 
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A 


I   Mercury  Switch 


/Machine  Ter/?7/na/s 

+ 

 o 


Water 
Resistance 


Kelvin  Voltmeter 
o  —  zoooo 


D  Arson  va/ 
Galvanometer 


Ground 


Short 


1  Voltmeter 


Ro/e  Changer 


Brass  Tube 


Wire 


DIAGRAM  OF  CONNECTIONS 

nG.2. 


16) 
17) 
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Ayrton  Shunt  for  Galvanometer. 

Telescope  for  reading  Deflection  of  Galvanometer. 


The  diagram  of  connectiona  in  Pig. 2  is  self-explan- 
atory.    It  might  be  remarked  that  the  apparatus  labeled  "Short  Arc" 
conBista  of  an  air-gap  between  the  head  of  a  tack  and  a  copper  wire. 
This  spark-gap  could  be  cut  out  of  the  circuit  by  closing  a  shunt 
around  it.  Special  care  was  taken  in  setting  up  the  apparatus  to 
thoroughly  insulate  it  from  the  groiind,   except  that  the  negative 
terminal  of  the  generating  apparatus  was  grounded,   in  order  to  min- 
imize the  danger  from  shock. 

Section  2:       Instrumehts  and  Calibrations. 

The  voltage  between  the  bus-bars  and  hence,  with 
sufficient  accuracy,  the  difference  of  potential  impressed  upon  the 
corona  apparatus,  was  measured  by  means  of  electrostatic  voltmeters. 
For  tho  lower  ranges  an  instrument  made  by  Max  Kohl  was  employed. 
It  had  a  range  of  3500  volts  and  was  accurate  to  within  1^.  This 
conclusion  was  reached  by  comparing  its  indications  with  those  ob- 
tained by  adding  the  voltages  of  the  machines  used  as  given  by  a 
750  volt  Weston  direct-current  portable  voltmeter  which  had  been 
carefully  calibrated  by  a  potentiometer.     This  electrostatic  volt- 
meter could  be  disconnected  from  the  positive  bus-bar  w?ien  the 
voltage  increased  above  its  range. 

For  the  measurements  of  the  higher  differences  of 
potential  a  vertical  type  Kelvin  electrostatic  voltmeter  made  by 
James  White  of  Glasgow  was  used.     This  instrument  had  three  ranges 
of  5000,   10000,  and  20000  volts  which  could  be  secured  by  hanging 
the  proper  weights  from  a  lug  at  the  bottom  of  the  needle.  Only 


tho  10000  and  20000  ranr,es  wore  used.     The  lower  part  of  the  10000 
range  was  calibrated  by  the  same  method  as  for  the  Kohl  voltmeter 
as  well  as  by  measuring  the  voltages  indicated  by  the  Weston  volt- 
meter when  a  high  resistance  was  inserted  in  series  with  it.  This 
high  resistance  was  made  of  a  U-tube  containing  alcohol  into  which 
two  platinum  wires  dipped.     This  resistance  was  kept  from  heating 
by  immersing  it  in  a  mixture  of  ice  and  water.     Under  these  condi- 
tions the  resistance  was  very  constant  for  the  small  currents  used. 
Following  is  a  table  of  the  corrections  employed: 


Reading  Corrections  to  be  Subtracted 

3600  165 

3800  150 

4000  135 

4S00  140 

4400  155 

4600  140 

4800  125 

5000  •  80 

5600  75 

6000  50 

7000  0 


The  higher  ranges  of  this  voltmeter  were  calibrated 
by  reference  to  an  attracted  disk  electrometer.     This  instrument 
had  a  disk  5.5  cm.   in  diameter.     The  aperture  of  the  guard-ring  was 
5.9  cm.  in  diameter  and  the  outside  diameter  of  the  guard  ring  was 
16.0  cm.     A  separation  of  1.5  cm.  was  used  between  the  disk  and  the 
lower  plate. 

Due  to  the  non-uniformity  of  the  field  at  the  edge 
of  the  disk,   an  edge  correction  must  be  applied  to  the  indications 
of  the  electrometer.     This  edge  correction  is  treated  by  Maxwell  in 
Vol.1,  of  his"Electricity  and  Magnetism"  and  the  conclusions  reach- 
ed are  briefly  as  follows :- 
Let 

R  =  radius  of  disk  A  =  effective  area  of  disk. 

R  =  radius  of  aperture.  „  =  q  22063  (R'-  R) 

tance  between  plates.   ;v  =  wt.  in  grams  to' balance. 
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Then  ,  

V  =  J  STTgW      X  D 
A 

where  A  =~-'(r  {R^ R'^  -  (n'2  .  r2   ) 

D  +  a 

Using  the  numerical  constantB  of  the  inetriiment  as 
given  above,   there  results: 

a    =  0.044 

A    =  25.474  sq,  cm. 

We  may  write    V  =  )s.-/ir ,  where  k  is  the  constant 
D-^  '^^^^  ^  ~  13992.3.     By  a  similar  series  of  operations 

we  find  that  for  plates  1  cm.  apart,  k  =  9357.6. 

By  use  of  the  value  k  =  14000,  which  is  nearly 
enough  correct,  the  values  of  V7  to  balance  for  different  voltages 
were  calculated  and  a  test  riin  to  determine  how  closely  these  values 
checked  with  the  actual  weights  required  for  a  balance  when  the 
voltages  indicated  by  the  electrostatic  voltmeter  were  impressed. 
The  results  are  given  in  the  table  below: 

10000  Volt  Range  20000  Volt  Range 

Voltage  W  W  Voltage  W  W 

Indicated  Theoretical    Actual      Indicated  Theoretical  Actual 


5000 

127.5  gr. 

125  g. 

10000 

510  g. 

510 

6000 

183.7 

184 

11000 

617 

617 

7000 

250.0 

250 

12000 

735 

740 

8000 

327 

327 

13000 

863 

860 

9000 

413 

420 

14000 

1000 

1000 

10000 

510 

520 

15000 

1147 

1120 

The  balance  used  was  a  rather  clumsy  affair  but  the 
readings  were  performed  with  all  possible  care  and  the  above  re- 
sults should  be  very  nearly  correct.     A  consideration  of  these 
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figures  with  due  regard  to  the  accuracy  of  the  determinations  led 
to  the  adoption  of  the  following  calibration: 

Voltaf^e  Indicated  Actual  Voltap;e 

10000  V.  range 
5000  4920 
6000  5950 
7000  7000 
8000  8000 
9000  9100 
10000  10200 

20000  V.  range 
10000  10000 
11000  11000 
12000  12075 
13000  12950 
14000  14000 
15000  14700 
D'Arsonval  galvanometers  were  used  to  measure  the 
discharge  currents  obtained  with  the  various  pieces  of  corona  appa- 
ratus. Most  of  the  characteristic  curves  further  on  in  this  thesis 
were  taken  with  a  very  sensitive  Leeds  and  Northrup  galvanometer 
which  had  a  small  coil,  a  resistance  with  connecting  wires  of  326.0 
ohms,  and  was  practically  dead-beat.     It  was  really  too  sensitive 
and  needed  constant  care  to  see  that  its  figure  of  merit  had  not 
altered.     For  the  later  moisture  and  pressure  determinations  which 
extended  over  some  days,  a  less  sensitive  instrument  made  by  ITalder 
Bros.  3c.  Co.,  was  used.     This  had  a  heavier  coil,  a  resistance  with 
connecting  wires  of  849.5  ohms  and  a  period  of  six  seconds.  Its 
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figure  of  morlt  was  about  five  times  that  of  the  first  instrument. 

The  figure  of  merit  of  these  galvanometers  was  de- 
termined from  time  to  time,  using  accurate  resistances  of  high  value 
and  as  a  source  of  e.ra.f.   either  a  dry  cell  or  a  standard  cell.  In 
the  case  of  the  dry  cell,   its  e.m.f.  was  determined  from  the  indi- 
cations of  an  accurate  Weston  Laboratory  Standard  voltmeter. 

An  Ayrton  universal  shunt  was  used  in  connection 
with  the  galvanometer.     This  shunt  box  had  five  coils  connected  be- 
tween contact  points  as  follows: 

Connection  of  Coil  Resistance  of  Coil 

Pt.  0  to  Pt.  0.0001  0.3  ohms 


.0001"  " 

.001 

2.7 

II 

.001"  " 

.01 

27 

If 

.01"  " 

.1 

270 

n 

.1"  " 

1 

2700 

11 

Total  Resistance   3000  ^ 

A  raoAJ^able  contact  arm  served  to  connect  in  series  with  the  galva- 
nomater  all  the  resistance  lying  between  point  1  and  the  point  with 
which  the  arm  made  contact.     The  rest  of  the  resistance  was  then  in 
series  with  the  corona  apparatus.    By  taking  into  accoixnt  the  resis- 
tance of  the  galvanometer,  the  proper  shunt  factor  by  which  to  mul- 
tiply the  current  thru  the  galvanometer  was  easily  calculated. 
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—Chapter  III  — 

Preliminary  Experiments 

V^Ihen  this  thesis  was  undertaken,   it  was  not  appar- 
ent from  the  limited  literature  on  the  subject  of  the  corona  pro- 
duced by  continuous  potentials  what  one  might  expect  in  the  way  of 
coronal  phenomena  which  might  be  produced  by  potentials  up  to  the 
total  voltage  of  the  generating  sets,  namely  15,000  volts.  No 
glow  could  be  obtained  between  flat  plates;  only  an  arc.     Then  an 
investigation  was  begun  to  find  out  what  kind  of  terminals  would 
have  corona  produced  between  them  by  the  comparatively  low  voltage 
available. 

A  brass  rod  0.637  mm.  in  diameter  was  located  axi- 
ally  along  a  tube  4.45  cm.  in  diameter  and  the  full  voltage  of  the 
sets  was  impressed.     No  effect  was  visible.     Then  provision  was 
made  for  exhausting  the  tube,  and  at  about  one-quarter  atmosphere 
a  discharge  took  place.     This  took  the  form  of  brilliant  radial 
purple  arcs  terminating  in  bright  blue  "stars"  on  the  walls  of  the 
tube.     These  arcs  were  in  constant  motion  around  the  wire  and  along 
the  tube  and  reminded  one  of  a  pinwheel.     A  fairly  large  sized  wire 
was  substituted  for  the  rod  and  still  no  corona  could  be  obtained 
at  atmospheric  pressure. 
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Fearing  that  no  coronal  effect  could  be  produced 
by  the  generating  sets,  recourse  was  had  to  large  influence  ma- 
chines.    It  was  known  that  the  silent  discharge  between  points 
was  of  the  same  nature  as  the  corona  between  wires  and  it  was 
reasoned  that  if  the  e.m.f.  of  an  influence  machine  were  impressed 
between  small  parallel  wires,  a  discharge  would  take  place  between 
them.     Two  bare  #40  wires  were  stretched  parallel  to  one  another 
and  a  few  centimeters  apart  and  a  silent  discharge  was  found  to 
take  place  between  them.     The  appearance  of  the  discharge  was  at 
once  seen  to  depend  upon  the  polarity.     The  discharge  was  discon- 
tinuous, small  brushes  on  the  negative  wire  corresponding  to  sec- 
tions of  uniform  glow  on  the  positive  wire.     The  brushes  were  in  a 
more  or  less  constant  movement  back  and  forth  along  a  short  path, 
but  they  appeared  to  be  more  or  less  evenly  spaced  along  the  wire.. 
It  was  also  noticed  that  the  wires  vibrated  and  that  the  negative 
wire  bov/ed  in  toward  the  positive  which  bowed  away  from  the  nega- 
tive.    It  was  as  though  a  wind  were  blowing  across  the  wires. 

Another  experiment  was  tried  with  a  #40  wire  above 
a  sheet  of  tinfoil.     With  this  arrangement  and  wire  positive,  a 
continuous  glow  appeared  along  the  wire,  while  when  the  wire  was 
negative  the  discontinuous  brush  discharge  appeared  again.  Vibra- 
tions were  also  noticed  with  this  apparatus. 

A  steel  mandolin  "E"  string,  0.24  mm.  in  diameter 
was  strung  along  the  axis  of  a  brass  tube  of  about  3  cm.  diameter 
and  the  wire  and  tube  were  connected  to  opposite  polarities  of  the 
influence  machine.  If  the  wire  was  positive,  a  continuous  bluish 
glow  of  markedly  uniform  appearance  appeared  along  the  wire.  When 
the  wire  was  negative,   the  discharge  was  in  constant  movement  and 
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seemod  to  conoiat  of  countleoB  purple  streamers  or  brushes.  There 
seemed  to  be  no  appearance  of  regularity  of  spacing  of  isolated 
brushes . 

V/hen  these  tests  were  run  it  was  noticed  that  the 
main  discharge  knobs  on  the  machine  could  be  moved  together  until 
they  almost  touched  before  a  spark  would  pass.     This  indicated 
that  the  difference  of  potential  between  the  parallel  wires,  for 
example,   could  not  be  very  high,  not  over  10,000  volts  perhaps. 
This  fact  suggested  that  similar  discharges  with  small  wires  should 
be  produced  by  the  continuous  potentials  from  the  generating  sets. 
Go  the  experiments  were  carried  out  again  and  it  was  found  that  the 
same  effects  were  produced  by  the  generators. 

The  crude  tube  apparatus  was  fastened  to  a  board  by 
means  of  nails  driven  into  the  wood  and  bearing  against  the  wall  of 
the  tube.     Connection  was  made  to  the  tube  by  wrapping  a  wire  a- 
round  one  of  these  wires.     This  wire  became  loose  and  separated  .01 
inch  or  so  from  the  tube.     The  consequence  was  that  a  short  arc 
was  established  between  the  nail  and  the  tube.     The  presence  of  the 
arc  caused  a  marked  difference  in  the  character  of  the  positive 
discharge.     With  a  potential  difference  of  about  8000  volts  and  the 
wire  positive  to  the  tube,  a  very  active  discharge  took  place  be- 
tween the  wire  and  tube.     The  whole  tube  appeared  filled  with  a 
bluish  glow  particularly  brilliant  around  the  wire,  where  an  uneven 
effect  was  apparent,  resembling  a  brush  discharge.     The  discharge 
was  unstable  and  variations  in  the  arc  produced  marked  variations 
in  the  discharge.     After  the  bluish  glow  had  continued  for  some 
minutes,   the  nature  of  the  discharge  became  suddenly  different. 
Purple  arcs  appeared,  of  much  the  same  nature  as  those  mentioned  a- 
bove  in  connection  with  the  discharge  from  a  rod  at  low  pressure. 
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Aftor  a  whilG  the  discharge  would  resume  its  former  character 
and  then  the  process  would  repeat.     The  arc  between  the  nail  and 
tube  appeared  bluer  while  the  whirl-i-gig  discharge  was  going  on. 
A  small  wire  was  slipped  in  to  bridge  the  gap  between  nail  and 
tube  and  then  the  discharge  became  merely  a  faint  blue  glow  of  a 
uniform  nature,  apparent  only  in  the  immediate  vicinity  of  the 
wire.     With  the  gap  closed  and  the  wire  negative,  an  entirely  dif- 
ferent discharge  took  place.     Small  purple  brush-like  discharges 
were  clustered  irregularly  along  and  around  the  wire  and  these 
held  their  positions  fairly  constant.     When  the  arc  was  again  in- 
troduced,  the  discharge  appeared  somewhat  dimmer,  although  keep- 
ing its  nature  about  the  same,  as  far  as  could  be  seen  by  looking 
from  the  end  of  the  tube. 
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PART  II 

EXPERIMENTAL  INVESTIGATION 

— Chapter  IV— 
Characteristic  Curves  at  Atmospheric  Pressure 

Section  1;     Preliminary  Remarks, 

As  has  already  been  noted  in  Chap. I.,   the  use  of 
cylindrical  fields  in  an  investigation  of  the  corona  is  advan- 
tageous both  from  standpoint  of  ease  of  control  of  such  factors 
as  humidity  and  pressure  and  from  the  fact  that  the  voltage  need- 
ed to  produce  corona  is  much  smaller  than  is  the  case  with  wires 
in  the  open  air. 

In  order  to  study  the  influence  of  diameter  of 
wire  upon  critical  voltage  and  discharge  current,  a  number  of  dif- 
ferent sizes  of  bare  wire  ranging  from  #40  to  #10  copper  were  ob- 
t allied  from  the  manufacturers  and  an  apparatus  was  constructed  in 
which  the  tests  could  be  carried  out.     This  apparatus  is  shown  in 
Pig. 3. and  consists  essentially  of  a  brass  tube  4.45  cm. in  internal 
diameter,  well  insulated  from  its  support  and  provided  with  means 
for  accurately  and  tightly  stretching  a  wire  along  its  axis.  The 
tube  was  provided  with  a  small  branch  tube  thru  which  the  air 
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could  be  exhausted.     The  centerinp;  of  the  wire  was  accorapliahed  by 
passing  it  over  hard-rubber  bridges  in  which  there  were  notches 
axially  located  with  respect  to  the  tube  and  stretching  it  tightly 
by  means  of  a  mandolin  tension-head.     In  order  to  limit  definitely 
the  length  of  the  wire  from  which  a  discharge  could  take  place, 
glass  plates  were  sealed  to  the  ends  of  the  tube  and  the  wire  pas^i 
ed  through  holes  in  them  about  3  mm.  in  diameter.     For  most  of  the 
characteristic  voltage  current  curves,   the  exhaust  tube  and  the 
holes  in  the  plates  were  left  open  and  the  air  in  the  tube  had  the 
same  constitution  as  that  in  the  room,  at  least  at  the  beginning 
of  the  test. 

In  order  to  make  sure  that  no  current  would  flow 
thru  the  apparatus  except  that  through  the  air,  a  small  wire  was 
arranged  so  that  the  tube  was  in  the  same  condition  as  for  a  test 
except  that  none  of  the  wire  extended  inside  of  the  cylinder. 
Then  differences  of  potential  were  applied  up  to  10000  volts  and 
the  currents  measured.     It  was  found  that  even  at  the  highest  volt- 
age the  current  was  insignificant. 

Section  2;     Method  of  Conducting  Tests . 

The  tube  was  placed  upon  a  laboratory  stand  whose 
top  was  covered  by  a  layer  of  paraffine  to  improve  the  insulation 
from  the  ground.     Wires  were  run  from  the  pole-changing  switch  to 
the  tube  and  wire,   the  motors  started,   the  mercury  contact  switch 
closed,   and  all  was  ready  for  a  test.     For  the  first  wires  tested 
a  start  was  made  at  a  low  voltage  and  the  currents  taken  by  small 
increments  on  the  way  up.     It  was  soon  found  that  the  current 
flowing  was  negligible  until  the  voltage  approached  that  necessary, 
for  a  visible  glow  and  therefore  later  tests  were  started  at  a 
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voltage  Boraewhore  near  the  critical  voltap;e.     For  each  voltage 
the  deflection  of  the  galvanometer  was  read  for  both  polarities  of 
the  wire. 

^Tien  the  wire  was  positive  and  the  voltage  neared 
that  necessary  to  cause  a  visible  glov?,   a  very  marked  jump  of  the 
deflection  would  occur  and  a  further  increase  of  the  voltage  caus- 
ed the  current  to  increase  very  rapidly.     The  voltage  at  which 
this  sudden  increase  of  the  deflection  took  place  was  called  the 
"critical  voltage".  "Visible  glow"  was  taken  to  mean  the  first  ap- 
pearance of  light  in  the  case  of  tho  wire  positive.  This  glow  ap- 
peared suddenly  for  all  but  the  smallest  wires,  in  which  case  the 
dimness  of  the  glow  made  it  hard  to  tell  just  where  the  limit  of 
visibility  was. 

As  has  been  noted  in  Ghap.l.   the  presence  of  dirt 
or  dust  particles  on  the  wire  when  negative  has  a  marked  effect 
upon  the  discharge.     Often  a  spot  or  two  on  the  wire  would  glow 
long  before  the  wire  as  a  whole  was  luminous.     Due  to  this  fact 
there  is  no  definite  critical  voltage  as  in  the  case  of  the  posi- 
tive polarity,  for  the  initial  jump  of  the  deflection  is  much  a 
matter  of  chance.     But  as  the  voltage  is  increased,   there  occurs 
a  critical  voltage  at  which  a  flickering  glow  can  be  seen  along 
the  wire  preliminary  to  the  spreading  of  the  discharge  from  a  few 
spots  over  the  whole  wire.     This  phenomenon  occurs  at  a  definite 
voltage  for  a  given  size  wire  and  it  is  this  voltage  which  is  giv- 
in  the  tables  under  "visible  glow"  for  the  negative  polarity. 

Readings  of  wet  and  dry  bulb  thermometers  and  an 
aneroid  barometer  were  taken  for  each  test  and  the  per  cent  rela- 
tive humidity  was  calculated.     The  barometer  was  checked  from 
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time  to  time  by  reference  to  a  very  accurate  mercurial  barometer. 

The  silver  wire  used  in  these  tests  was  really  sil- 
ver wire  with  a  platinum  core,  known  as  "Wollaston"  wire.  This 
wire  was  used  both  in  its  original  state,  diameter  0.0517  mm.  and 
with  some  of  the  silver  dissolved  off,  giving  wires  of  average 
diameter  0.027  and  0.037  ram. 

The  tungsten  wire  was  of  the  sort  used  in  25  watt 

lamps . 

The  diameters  of  the  very  small  wires  were  obtained 
by  the  use  of  a  microscope  fitted  with  a  stage  ruled  with  parallel 
1 ines . 

Section  3;  Variation  of  Critical  Voltage  and  Glow  Voltage. 

Tables  1  to  13  give  data  on  critical  voltages  and 
the  voltages  required  to  produce  continuous  visible  glow. for  wires 
of  diameters  ranging  from  0.027  ram.  up  to  1.28  mm.     A  study  of 
these  data  showed  the  following  facts: 

a)  For  the  smaller  sizes,   the  critical  voltage  is 
considerably  lov/er  than  the  glow  voltage,  showing 
quite  a  current  exists  before  a  luminous  dis- 
charge occurs.     This  applies  for  wire  positive. 

b)  The  smallest  size  for  which  there  is  no  current 
for  wire  positive  before  glow  appears  is  #36, 
diameter  0.135  mm. 

c)  For  sizes  larger  than  #36,  current  and  glow  appear 
simultaneously,  for  wire  positive. 

d)  For  wires  from  about  #26  up  for  the  negative 
polarity  the  current  and  the  visible  glow  appear 
siraul taneously ,  as  a  general  rule. 

Fig.  13.  gives  curves  shov/ing  the  variation  of  the 

glow  voltages  with  the  radius  of  the  wire.     From  these  curves  the 

following  conclusions  can  be  drawn: 

e)  For  the  smaller  sizes,   the  negative  glow  appears 
before  the  positive. 


f)  For  the  larger  aizoa  the  positive  glow  appears 
before  the  negative. 

g)  The  diameter  0.075  mm.  is  the  boundary  between 
these  two  regions, 

Schaffers  has  noted  this  crossing  of  the  curvos  for 

the  starting  points  of  the  positive  and  negative  coronae  and  he  set 

0.01  cm.  radius  as  the  boundary  value  between  the  two  regions.  He 

did    not  specify  what  he  considered  as  the  starting  point  of  the 

negative  corona  and  therefore  it  is  not  practicable  to  compare  his 

value  with  that  given  above. 

Section  4;     Variation  in  the  Nature  of  Corona. 

During  the  tests  for  the  characteristic  curves  a 
close  watch  was  kept  over  the  appearance  of  the  corona  and  there 
is  given  below  some  of  the  characteristic  changes  and  phenomena 
which  were  noted. 

For  the  entire  range  of  diameters  there  was  very 
little  change  in  the  appearance  of  the  positive  corona,  except  for 
an  increase  in  brightness  with  the  voltage.     It  always  presented 
a  quiet,  uniform,  continuous,  bluish  glow.     For  high  voltages  the 
opening  and  closing  of  the  circuit  was  attended  by  a  flash  of  blu- 
ish light  in  the  tube  and  if  care  was  not  taken  to  perform  these 
operations  quickly,   there  was  likelihood  of  an  arc  starting  be- 
tween the  wire  and  the  tube,  with  the  result  that  the  wire,   if  it 
was  snail,  was  burned  in  two. 

There  was  considerable  change,  however,  in  the  ap- 
pearance of  the  negative  corona  with  increase  of  diameter  and  volt- 
age.    The  negative  corona  on  small  wires  starts  with  a  bright  spot 
or  two,  followed  by  a  mixture  of  bright  spots  and  brushes  as  the 
voltage  is  increased.     With  still  increasing  voltage  there  is  m.ore 


:'.6 

of  a  continuouB  brush-like  effect,  and  tlio  discharrro  hecomoe  quite 
purple.     For  the  higlietst  voltapee  the  corona  Ib  brilliant,  purplo, 
continuous,  and  in  constant  movement.     For  the  smallest  sizes,  the 
negative  corona  is  likely  to  take  the  form  of  a  discharge  consist- 
ing of  isolated,  more  or  less  evenly  spaced  brushes.     Marked  reg- 
ularity of  spacing  has  often  been  observed.     The  discharge  is  noise 
less  for  wires  up  to  #26  (0.24  mm.)  for  which  diameter  a  slight 
hissing  appears.     As  the  diameter  increases,   the  hissing  grows 
louder  and  the  diameter  of  the  corona  increases. 

In  the  case  of  the  larger  size  wires,  it  is  the  gener- 
al rule  for  the  continuous  negative  brush  discharge  to  appear  im- 
m.ediately  when  the  critical  voltage  is  reached. 

No  flash  at  make  or  break  of  the  circuit  was  observed 
when  the  wire  was  negative. 

Section  5:     Discussion  of  the  Characteristic  Curves. 

A  critical  comparison  of  the  characteristic  curves  in 
Figs. 4  to  12  brings  out  the  following  points: 

a)  For  a  given  voltage,   the  current  increases  with 
decrease  of  diameter  of  the  wire. 

b)  For  wires  sm.aller  in  diameter  than  #40  (0.077  mm.) 
the  current  for  negative  polarity  of  the  wire  is 
always  greater  than  for  positive  polarity. 

c)  In  the  case  of  #40  wire  the  currents  for  opposite 
polarities  coincide  very  accurately  for  a  sm.all 
rise  in  voltage  above  the  critical  value,  and 

then  the  negative  current  becom.es  and  remains  the 
larger. 

d)  For  sizes  greater  than  #40,  the  curves  for  the 
two  polarities  cross.     For  the  lower  voltages  the 
positive  current  is  the  greater  and  vice  versa  for 
the  higher  voltages. 

e)  The  characteristic  curves  become  more  nearly  par- 
allel to  the  current  axis  as  the  diameters  increase. 


TABLE  1 

Silver  Wire  -  Diameter  0.027  mm. 
Temperature  26.6°C 
Relative  Humidity  54.4^ 
Barometric  Pressure  741,55 


+ 

Critical 

Vo  1  i"  M  c  A 

2100 

1880 

Vi  PI  T    "1  ^ 

V  X  O  X  U  X  C7 

Glow 

2720 

2520 

PD 

Galv. 
+ 

defl.  in  mm. 
- 

Shunt 
+ 

Factor 

Current 
+ 

in  10  "'^  ai 
- 

1750 

1.1 

1.2 

1.0 

1.0 

0.000032 

0.000035 

2100 

25.0 

60.0 

1.0 

1.0 

0.00072 

0.00173 

2500 

66.7 

50. 7 

1.0 

11.09 

0.00192 

0.0162 

2800 

137.0 

10  J. .  0 

1.0 

11.09 

0.00394 

0.0322 

3000 

13.2 

J.47 . 0 

11.09 

11.09 

0.0053 

0.04-59 

3200 

33.0 

21.  J. 

11.09 

110.9 

0.0105 

0.0674 

3500 

"J  01.0 

36.7 

11.09 

110.9 

0.0322 

0.117 

3360 

30.9 

69.0 

i:jo.9 

110.9 

0.0986 

0.220 

4350 

66.2 

J  22.3 

110.9 

1  10.9 

0.2  J  2 

0.392 

4920 

1 14.8 

18.4 

J,  10 . 9 

1109 

0.335 

0.533 

5950 

23.9 

35.2 

1109 

J 109 

0.763 

1.  J2 

7000 

39.4 

56.7 

1J09 

1J09 

1 . 26 

1.81 

8000 

60.7 

87.5 

1109 

1109 

J  .94 

2.80 

9100 

82.0 

113.0 

1109 

1 109 

2.62 

3.61 

wire  broke  l/27/l4 
Wire  rough:     0.027  is  average  of  many  readings. 


Figure  of  merit  of  galvanometer    2.88  x  in 


-9 


app.  pftr  mm 


TABLE  2. 

Silver  Wire  -  Diameter  0,037  mm. 

Temperature  26.7°C. 

Relative  Humidity  45.3^ 

Barometric  Pressure  736.43  mm, 


Critical 

Voltage  3100  2200 

Visible 

Glow  3380  3230 


PD 

Galv. 
+ 

defl.  in  mm. 

Shunt 

Factor 
— 

Current 
+ 

in  10  am 
- 

2150 

1.5 

2. 1 

1.0 

1.00 

0.00004 

0.00006 

3000 

4.0 

117.0 

1.0 

11.09 

0.00011 

0.0374 

3500 

85.7 

39.3 

11.09 

110.9 

0.0274 

0 . 128 

3650 

117.7 

53.3 

11.09 

110.9 

0.0565 

0 : 170 

3860 

29.0 

68.8 

110.9 

110.9 

0.0926 

0.220 

4350 

68.8 

127.7 

110.9 

1 10 . 9 

0.220 

0.407 

4920 

114.3 

172.7 

J  .10.9 

110.9 

0.365 

0 . 551 

5950 

242.0 

34.4 

110.9 

1109 

0.773 

1.10 

7000 

4J..0 

56.0 

1109 

J 109 

1.31 

1.79 

8000 

64.0 

84.0 

1109 

1109 

2.04 

2.68 

9100 

94.7 

131.0 

1109 

1109 

3.02 

4.18 

10000 

121.7 

21.0 

1109 

J1090 

3.88 

6.7 

12075 

23.0 

58.7 

11090 

11090 

7.35 

18.3 

14000 

wire  broke 

-  arc. 

Figure  of  merit  of  galvanometer    2.88  x  lO"^  amp.  per  mm.  defl. 
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FIG. 4. 
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TABLE  3. 

Tungsten 

Wire  -  Diameter  0.046  mm. 

Temperature 

25.30c. 

Relative  Humidity 

40.5^ 

Barometric  Preesure 

740.25  mm. 

+ 

mm 

Critical 
Voltage 

3380 

2800 

Visible 
Glow 

3500 

3300 

PD 

Galv.  d 

81 X .  xn  mm . 

Shunt  Factor  Current 

. ,  -4 
m  10  amp. 

+ 

+  '- 

+ 

2500 

J  .3 

1.0  J.O 

00.000037 

00.000057 

3000 

2.0 

1  n  n 

I.U  •  u 

1.0  1.0 

00.000057 

00.00029 

3500 

24.7 

1J.09     11.09  00.00738 

00.0269 

3650 

13  J  .7 

11.09   J  10.9 

00.0420 

00.0791 

3360 

24.2 

3Q  Pi 

110.9  110.9 

00.0773 

00.126 

4920 

■J  09.0 

1  45  7 

110.9  IJ.0.9 

00.343 

00.465 

5950 

23.  5 

30.5 

1109  1109 

00.750 

00.974 

3000 

60.3 

77.7 

J 109  1109 

01.93 

02.43 

9  1.00 

86.2 

111. 7 

1109  1109 

02.75 

03.56 

10000 

1  11.7 

147.7 

1109  1109 

03.56 

04.71 

JS075 

19 . 0 

25.0 

11090  11090 

06.06 

07.93 

14000 

28.0 

39.0 

11090  11090 

08.94 

12.5 

14700 

35.0 

50.0 

11090  11090' 

11.2 

J  6  -0 

Figure  of  merit  of  galvanometer  2.88 

X  lO"^  amp.  per  ram.  ■ 

1/22/14 

FIG.  6 
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TUNGSTEN   W/f^E  —  DIAMETER  0.046  MM. 
TUBE  or  D/A  ME  TER   4. 45  g/V. ,  L  ENG  TH  25.0  CM. 


TABLE  4« 

Silver  Wire  -  Diameter  0.05J7  mm. 
Ascending  and  Descending  Series 
Temperature  25.0^0 . 

Relative  Humidity  54.2^ 
Barometric  Pressure  747.0 


32 


Start  Finish    Start  Finish 


Critical 
Voltage 

3500 

3550 

3300  3300 

Visible 
Glow 

3630 

3650 

P.D. 

+  Current  in 
Up 

JO"*  amp. 
Down 

-  Current 
Up 

in  10  amp» 
Down 

3860 

0.0260 

0.024i 

0.0768 

0.0735 

4920 

0.244 

0.234 

0.362 

0.345 

5950 

0.619 

0.566 

0.320 

0.794 

7000 

J. .  04 

1  .03 

1  .42 

1  .37 

8000 

i  .63 

1  .63 

2.  15 

2.  15 

9  J  00 

2.41 

S.47 

3.  17 

3 . 22 

J  0000 

3.  19 

3.25 

4. 17 

4.23 

J  J  000 

4.38 

4.42 

5.70 

6.02 

J  2075 

5.86 

5.86 

8.04 

8.04 

During  this  test  the  air  in  the  tube  was  not  renewed, 
thus  making  the  conditions  the  same  as  for  the  rest  of  the 
characteristic  curves. 


4/23/14 


FIG. 6. 

TUBE  OF  O/AMETER  ^.'^f-S  CM.  LENGTH  2 ST.  O  CM. 
ASCEND/NG  ^/v£>    DESCENDING  SEF/ES 


10        II         /2       /3  '"''/4 


TAbijt;:  5. 

34 

-/=40  d 

.   6c  S . 

Copper  wire 

-  Diameter  0.077  mm 

• 

Temperature 

25.000 

• 

Relative 

Humidity 

41.6^ 

Barometric  Pressure 

745.3  mm. 

+ 

Critical 
Voltage 

3980 

3360 

Visible 
Glow 

4060 

4060 

PD 

Galv.  defl.  in 
+ 

mm.  Shunt 
+ 

Factor 
- 

Current  in  10 "'^  amp. 
+  - 

OUUU 

2.0 

2.0 

1  .0 

1.0 

00.000058 

00.000058 

^2  Q  ^ 

3.0 

7.0 

J  .0 

1.0 

00.000086 

00.00020 

4-  J  oU 

45.0 

43.0 

11.09 

J1.09 

00.0137 

00.0137 

149.0 

149.0 

11.09 

11.09 

00.0476 

00.0476 

yi  n  o  ^ 

53.7 

62.0 

110.9 

110.9 

00 . 17 .1 

00.198 

167.7 

195.0 

110.9 

J  10.9 

00.535 

00.622 

31.2 

33 .  1. 

1109 

1109 

00.995 

1.22 

O  ^ 

v^3.0 

61.2 

1109 

1109 

1.69 

1.95 

9 100 

76.7 

90.6 

1 1.09 

i:i09 

2.45 

2.89 

10000 

104.8 

125.3 

1109 

1109 

3.35 

4.00 

'1  Or\r»  rr 
J.<i07  5 

J8.3 

23.0 

11090 

1J.090 

5.84 

7.34 

X4000 

29.3 

37.9 

11090 

11090 

9.35 

12.1 

14700 

35.3 

45.5 

11090 

11090 

11.10 

14.5 

Figure  of  merit  of  galvanometer 

2.38  X 

10       amp.  per  mm. 

1/2  J/ 14 

J 


FIG. 7. 

"^^O  3.  SS.   COPPER  WIRE.  ~  O/AMETER  0. 077  MM. 

//V 

TU3E  OF  D/AMETER  ^<t^  CM..  LEA/GTH  Z^O  OM. 


TABLR  6. 


#40  B.  &  S.  Copper  Wire 
Redetermination:     Voltage  Increased  to  13000  and  then  Decreased 

Temperature  25. 0^0 . 

Relative  HumidityStart  60.6^ 

Finish  55.7^ 


Barometric  Pressure 


Start  744.0  mm. 
Finish  742.3  mm. 


Start  Finish 

Start 

Finish 

Critical 
Voltage 

Visible 
Glow 

4060      4 J 00 

4060 

4060 

•          Ltl  i.  oil  1/ 

-  Current  in  10~^ 

D.P. 

TTr) 

JL/W  Vf  11 

Up 

Down 

4460 

0.0602 

0.0573 

0.0780 

0.0806 

4920 

0.150 

0 .  J-43 

0.195 

0.  189 

5950 

0.475 

0.462 

0.586 

0.566 

7000 

0.897 

0.878 

1. 10 

1.075 

8000 

1.47 

1.50 

1  .75 

1.79 

9  100 

2.29 

2.3L 

2.67 

2.73 

10000 

3.06 

5. 12 

3.61. 

3.71 

1  1000 

4.29 

4.29 

4.95 

5.03 

12075 

5.69 

5.66 

6.51 

6.76 

12950 

7.22 

7.22 

8.45 

8.45 

amp, 


4/24/ J 4 


7.7 


TABLE  7. 

#56  3.  oc  S,  Copper  Wire  -  Diameter  0.135  inia. 
Temperature  25.0°C. 
Relative  Humidity  45.0^ 
Barometric  Pressure    733.85  ram. 


Critical 
Voltage 

Visible 
Glow 


5120 


5140 


4350 


5320 


(aa.-L  V  • 

aei 1 .  m  mm . 

oriunt 

Factor 

Current 

-4 

m  10  am] 

T 

+ 

+ 

3860 

2.1 

3.9 

1.0 

1.0 

0.000060 

00.000112 

4350 

2.3 

9.7 

1.0 

1  .0 

0.000066 

00.00023 

4920 

3.5 

26.3 

1.0 

J  .0 

0.000101 

00.00076 

5220 

65.0 

190.0 

11.09 

1.0 

0.0207 

00.00547 

5420 

20.5 

1.1.7.0 

110.9 

1  :i  .09 

0.0655 

00.0374 

5950 

66.4 

49.0 

1J0.9 

110.9 

0.212 

00.156 

7000 

187.7 

202.0 

J  1 0  , 9 

110.9 

0.600 

00.645 

8000 

36.7 

40.1 

1109 

J.  10  9 

1.17 

I..28 

9 100 

60 . 1 

70.0 

1109 

1109 

1.92 

2.24 

10000 

85.5 

95.2 

1109 

J  109 

2.73 

3.04 

12075 

157.3 

181  .0 

1  109 

J  109 

5.02 

5.78 

14700 

31.0 

35.0 

11090 

11090 

9.90 

11.2 

B'i 

gure  of  merit  of  galvanometer 

2.38  X 

—9 

10      amp . 

per  mm. 

1/19/14 
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P.D. 


TABLE  fl . 

"E"  Steel  Mandolin  String  -  Diameter  0.24J  mm. 
Temperature  24. B°G. 

Relative  Humidity  42,0% 
Barometric  Pressure    751. 2J  mm. 


Critical 
Voltage 

Visible 
Glow 


6600 


6600 


6760 


6840 


Galv.  defl.  in  mm.     Shunt  Factor      Current  in  10 


-4 


amp : 


+ 

+ 

+ 

5950 

2.0 

2.0 

1.0 

1.0 

0.000058 

0.000058 

6500 

2.5 

3.9 

1.0 

i  .0 

0.000072 

0.0001  12 

6700 

3.  1 

18.3 

1.0 

1  1  .09 

0.000089 

0.00585 

7000 

19.9 

67.0 

1 10 . 9 

11.09 

0.0635 

0.02J4 

7500 

73.3 

55.3 

110.9 

110.9 

0.234 

0.  J77 

8000 

147 . 4 

J30.4 

110.9 

110.9 

0.471 

0.4J7 

9  J  00 

32.  J 

30.7 

1 109 

1  J  09 

1.026 

0.980 

J  0000 

52.5 

51.4 

1 109 

1109 

1.68 

1  .64 

12075 

J  17.0 

1 17 , 3 

1109 

1  109 

3.74 

3.75 

14000 

19.7 

21.6 

J  1090 

1J090 

6.29 

6.90 

J  4700 

26. 1 

28.0 

1J090 

1 1090 

8.33 

8.94 

Figure  of 

merit  of 

galvanometer  2.88 

X  10"^  amp. 

per  mm. 

1/13/14 
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TABLE  9. 

/30  B.  &  S.  Copper  Wire     0.260  mm. 
Temperature  23. 6°C. 

Relative  Humidity  33.9^ 


Barometric  Pressure 

755.89  mm. 

+ 

- 

Critical 
Voltage 

7180 

Visible 
Glow 

7180 

7660 

Galv. 

defl.  in  mm. 

Shunt  Factor 

Current 

-4 

in  JO  ai 

P.D. 

+ 

+ 

+ 

7500 

38.5 

45.0 

1 10 , 9 

1.0 

0. 123 

0.00  1 3 

8000 

110.0 

44.0 

110.9 

110.9 

0.351 

0.  140 

9  J  00 

27.5 

24.3 

1 109 

1109 

0.878 

0.775 

J  0000 

44.5 

45.5 

J 109 

J  109 

1  .42 

1.45 

J  1  000 

73.  1 

74.5 

1 109 

1109 

2.33 

2.38 

J  2075 

107.2 

112.1 

1 J09 

1 109 

3.42 

3.58 

12950 

13.7 

14.5 

1 1090 

1  1090 

4.37 

4.63 

J  4000 

18.4 

1.8.7 

11090 

11090 

5.87 

5.97 

J  4700 

23.  J 

23.5 

i:i090 

11090 

7.38 

7.50 

Figure  of  merit  of  galvanometer    2.88  x  iO"^  amp.  per  mm. 
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>fG.10". 

^30  B.&5.  COFFER  WIRE D/AMSLTER  0.26  M/^. 

//V 

TUBE  OF  O/AMETEH  «  45  CM..   LENGTH  25.0  CM. 


48] 


/O       li        IZ       /J  i^o^^^fs 


TABLE  10. 


/26  B.  &  S.  Copper  Wire  - 

Diameter 

0.41  mm 

Temperature 

26.0OC. 

Relative  Humidity 

29.2^ 

Barometric 

Pressure 

746 . 36  /Tyr)^ 

+ 

- 

Critical 
Voltage 

8900 

9370 

Visible 
Glow 

8900 

9370 

P.D. 

Galv.  defl.  in  imn 
•f  - 

Shunt 
+ 

Factor 

wm 

Current 

in  lo"^  am 

9100 

41.2  1.5 

110.9 

J  ,0 

0  -  J  32 

0.000043 

iOOOO 

187.7  116.3 

i  10 . 9 

J10.9 

0.599 

0.371 

1 1000 

4J.0  39.3 

1  109.0 

1  109 

1  .31 

1  .26 

12075 

72.0  76.5 

1  109.0 

1109 

2.30 

2.44 

104.9  JJ2.0 

1  109.0 

J  109 

3.35 

3.  58 

14000 

146.2  155.8 

1 J09.0 

1109 

4.67 

4.97 

'14700 

197.0  202.0 

J  109.0 

1J09 

6.29 

6.45 

Figure  of  merit  of  galvanometer    2.88  x  10      amp.  per  mm. 


2/5/14 


FIG. 11. 


"^ae  B.  &  S.  COf^PER  W/RE      P/AMETER  O.  <t/  MM. 

IN 

TUBE  OF  D/AMETER  ^.^S  C/^..  LENGTH  25.0  CM, 


P.D. 


TABLE ] 1 . 

/22  B.  &  S.  Copper  Wire  -  Diameter  0.65  mm. 
Tempera  bure  26. 1° 

Relative  Humidity 
Barometrio  Pressure    750.08  mm. 

+ 


Critical 
Voltage 

Visible  Gl 
Glow 

Galv,  defl.  in  mm. 
+  • 


9700 


10880 


J  J440 


J  1 440 


Shunt  Factor 


Current  in  JO""^ 


amp 


10000 

30.0 

37.0 

1 .0 

11.09 

0.000086 

0.01 J8 

1 1000 

39.7 

43.  1 

110.9 

110.9 

0.127 

0.  137 

I  1 400 

125.5 

64.7 

1  10.9 

1  10.9 

0.400 

0.207 

12075 

29.0 

23.0 

J  109.0 

1 109.0 

0.925 

0.734 

12950 

56.4 

61.0 

1  109.0 

1109.0 

1  . 80 

1  .95 

14000 

90.7 

97.2 

1109.0 

J109.0 

2.90 

3.10 

14700 

140.0 

J45.7 

1109.0 

1.109.0 

4.47 

4.65 

Figure  of 

merit  of  galvanometer    2.88  x 

10      amp . 

per  mm. 

Wire  (-)    one  bright  spot  at  9100. 

A  diffuse  brush  appeared  for  wire  positive  at  9850.  This 
brush  became  brighter  at  its  point  as  the  voltage  was  increased, 
changing  over  into  a  uniform  continupus  glow  at   10880  .     When  the 
voltage  was  lowered  again,  the  brush  would  again  appear. 

At  11440  a  flickering  glow  appeared  along  the  wire  when 
negative.  This  glow  was  purple  and  diffuse,  and  accompanied  by  a 
strong  smell  of  ozone. 


2/4/14 


AC 


TABLE  12. 


/20  B.  &  S.  Copper 

Wire  - 

Diameter  0. 

77  mm. 

Temperature 

26. 20c. 

Relative  Humidity 

34.  1% 

Barometric  Pressure 

746.9  mm. 

mm 

Critical 
Voltage  11850 

1.2075 

Visible 

Glow  iJ850 

12400 

P.D. 

Galv. 
1 

defl.  in  mm.  Shunt 
-  + 

Factor  Current 
-  + 

in  10""^  am] 

mm 

12075 

89,3 

3.0  110.9 

1  .0 

0.285 

12400 

190.0 

J  0 . 0  110.9 

1 10.9 

0.606 

0,319 

12950 

34.3 

25.3  1109.0 

1 J 09.0 

1.10 

0,808 

14000 

67.7 

65.0         J  109.0 

J  J09.0 

2.  16 

2,08 

14700 

1 19.7 

117.5         J  109.0 

IJ09.0 

3.82 

3,75 

Figure  of  merit  of  galvanometer 

2.88 

X  10  amp. 

per  mm. 

2/4/14 


47 


TABLE  i:^. 


/J8  B.  &  S.  Copper  Wire  -  Diameter  J. 025  ram. 
Temperature  26. 4^0 . 

Relative  Humidity  30.9^ 
Barometric  Pressure    746.9  mm. 


Critical 
Voltage 

Visible 
Glow 


13500 


J  3500 


J  4040 


14 1 20 


Galv.  defl 

.  in 

mm.  Shunt 

Factor 

Current 

in  10"  amp. 

P.D. 

+ 

+ 

+ 

14000 

180.0 

3.0 

1  10.9 

1  .0 

0.575 

0.000086 

14450 

37.0 

26.2 

J  109.0 

1  109 

1  . 18 

0.836 

14700 

52.7 

47.8 

J  109.0 

1  109 

1.68 

1.53 

Figure  of  merit  of 

galvanometer 

2.88  X 

10"^  amp 

.  per  ram. 

/J.6  B. 

&  S. 

Copper  Wire 

-  Diameter  1 .285 

Dim  • 

Temperature  27.2oc. 
Relative  Humidity  29.0^ 
Barometric  Pressure    746.9  ram. 


Critical 
Voltage 

Visible  Glow 
Glow 


14700 


P.D. 

14700 
14800 


Galv.  defl.  in  mm. 
'+  » 
61.3  3.0 
161.7  4.0 


14700 
Shunt  Factor 
+ 

110.9  1.0 
110.9  1.0 


1 5220 
15220 

Current  in  10 
.1.96  .000086 


.-4 


amp, 


.516 
-9 


.0001 15 


Figure  of  merito  of  galvanometer    2.88  x  10      amp.  per  mm. 


2/4/14 


IN 

TUBE    OF  O/AMETaR  <g.        qM.,  LE/VOTH  ^S.O  CM. 


S,  S.  FORM  3 


TABLE  14. 

Critic-'.l  Difference  of  Potential  to  Ct,ub0  Continuoue  Glow 
as  Function  of  Radius  of  Wire 


Radius  in  mm. 

Material 

Positive 

^iegative 

C.OJoS 

Silver 

b7k.O 

25^j0^'' 

O.C'IGO 

Silver 

5580 

3230""' 

0.02S0 

Tungsten 

350C 

3300 

0.0253 

Silver 

3630 

3500 

0.0386 

/40  Copper 

4060 

4030 

0.0678 

^56  Copper 

5.1.40 

5320 

0.0825 

:^54  Copper 

5710 

6140 

0 . 120 

Steel  "E"  String 

6600 

6840 

0. 130 

#30  Copper 

7  J.80 

7660 

0.205 

#26  Copper 

8900 

9370 

0.325 

#22  Copper 

10830 

J.  1440 

0.335 

/20  Copper 

11350 

12400 

0.512 

#18  Copper 

13500 

14  J.  20 

0.642 

#16  Copper 

14700 

15220 

These  values  uncertain  on  account  of  dimness  of  glow. 


CR/T/CAL  VOLTAGE  pa/^  CONTINUOUS  GlOW 
AS  FUNCTION   OF  RAD/ US    OF  WIRE 


no) 


\A/ire5   along  axis  of  tube  4.45  cm.  a/lame frsn 


— Chapter  V-- 
Factors  Affecting  the  Coronal  Current 

Section  1:     Pressure . 

The  effect  of  variation  of  pressure  on 
the  voltage  to  cause  continuous  glow  was  studied  for  a  #26  wire 
by  varying  the  pressure  in  the  tube  from  768  mm.  down  to  2  mm.  and 
the  results  are  given  in  Table  15  and  shown  by  curves  in  Fig. 14. 
Below  about  20  mm.  pressure  it  v/as  found  impossible  to  get  a  nega- 
tive uniform  glow.     Instead  of  this  there  appeared  a  series  of 
beads  approximately  equally  spaced  along  the  wire.     This  discon- 
tinuous distribution  of  brushes  or  beads  on  the  wire  when  negative 
was  investigated  later  and  the  discussion  of  this  phenomenon  is 
reserved  for  a  later  chapter. 

It  was  found  that  measurements  of  the 
coronal  current  for  the  same  wire  gave  different  results  on  dif- 
ferent days  and  it  was  considered  advisable  to  find  out  the  in- 
fluence of  pressure  for  a  range  around  atmospheric  pressure  in  or- 
der that  the  current  readings  for  the  different  sizes  of  wire 
might  be  reduced  to  a  760  mm.  basis.     Therefore  a  series  of  char- 
acteristic curves  was  taken  for  different  pressures  with  dry  air 
in  the  tube  to  do  away  with  any  effect  which  might  be  due  to  the 
moisture  in  the  air.     Table  17  and  Pig. 16.  show  the  results  obtain- 
ed.    These  curves  show  a  marked  increase  in  the  current  for  a 


TABLE  15. 

Variation  of  Critical  Voltage  With  Pressure 
^26  B.  &  S.  Copper  Wire  -  Diameter  0.4J  ram. 


ury 

Air  at 

Pressure 

■LIl    III  III  . 

P. 

D.  for 
+ 

Continuous 

p  n 

f  /cU 

580 

in  Q 

J  U  •  17 

y^u 

870 

1 R  Q 

1  1  1  ^^ 
I  J  J  U 

1200 

J  770 

J  920 

Q 1  'K 
«7  J-  •  O 

2580 

1.  /  O  •  O 

3450 

3750 

4<;50 

4610 

o  J  dO 

5520 

483.6 

6660 

7120 

616.6 

7800 

8330 

720.0 

8730 

9210 

746.0 

8980 

9530 

768.3 

9100 

9640 

continuous  glow  obtainable  -  voltage  is  that  of  formation 
of  beads. 
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Influence  of  Pressure  Upon  Current 


5^26  B.  & 

S.  Wire  -  Diameter  0 

.  4]  mm 

in 

Closed 

Tube 

at  250G. 

Current  in 

10"^  amperes 

P.D. 

72  1  . 

25  ram. 

746. 

2  mm. 

768.2 

mm . 

+ 

+ 

10000 

0 .  fi25 

0.493 

0.496 

0.289 

0.386 

0.  143 

1  1.000 

1  .30 

I  .28 

1.15 

1  .06 

1  .00 

0.856 

J  2075 

2.23 

2.29 

2.08 

2.0J 

I  .81  ■ 

.1  .74 

J  2950 

3.43 

3.49 

3.09 

3.  I  I 

2.75 

2.78 

14000 

5.03 

5.20 

4.41 

4.43 

3.86 

4.01 

Test  run  in  direction  of  increasing  pressure. 
Dry  air  in  tube. 
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relatively  Bmall  decrease  in  the  preenurc.     The  curves  also  show 
an  unsymmGtrical  spacing  e4^— felt©  -ctrrvee  which  Bup,geGtB  the  prosonce 
of  some  disturbing  factor.     In  order  to  ascertain  whether  the  ef- 
fect of  varying  pressure  would  be  the  same  for  a  smaller  wire  and 
also  discover  whether  there  would  again  be  a  disturbance  of  the 
curves,  a  similar  test  was  run  on  a  #36  wire.     The  results  are 
given  in  Table  18.     On  plotting  these  results  it  was  found  that 
the  disturbance  of  the  curves  was  more  marked  and  the  apparent  var- 
iation for  change  of  pressure  showed  no  regularity  whatever.  In 
order  to  check  any  errors  which  might  be  due  to  mistakes  in  the 
determinations,   the  test  was  repeated  with  the  utmost  care.  The 
disturbance  still  persisted  but  was  much  less  for  the  curves  taken 
with  the  wire  positive  than  for  those  with  the  wire  negative. 
This  last  test  is  shown  in  Table  18. 

These  results  made  it  evident  that  it  was  useless 
to  try  in  this  manner  to  find  any  factors  which  might  be  applied 
to  the  data  taken  earlier  in  the  year  in  order  to  reach  a  760  mm. 
basis.     Peek  reduces  his  data  on  the  alternating  current  corona  to 
a  760  mm.  and  25  deg.  C.  basis  and  it  v^as  desired  to  reduce  the 
data  of  this  investigation  to  the  same  basis  in  order  to  make  com- 
parisons between  results  possible.     Finally  it  was  planned  to  car- 
ry out  a  series  of  tests  upon  different  size  wires  in  the  tube 
with  the  pressure  kept  constant  at  760  mm.  and  a  temperature  of 
25  deg.  C.     Such  a  test  was  run  on  a  silver  wire  of  diameter  .0517 
in  diameter.     An  ascending  and  descending  series  of  readings  v/as 
taken  and  it  was  found  that  the  results  differed  for  increasing 
and  decreasing  currents.     Table  19  shows  these  results  and  it  will 
be  noted  that  for  the  lower  voltages  the  agreement  is  poor  between 


TABLl'.   iS.  continued 
Influence  of  Proaaure  Upon  Current 
^36  B.  &  S.  Wire  -  Diameter  0.135  mm. 
in  Cloaed  Tubo  at  25^0. 

Test  No.  2 
Current  in  JO"'^  amperes 


720 

nun* 

740 

sun. 

760 

mm . 

780 

mm . 

P.O. 

- 

+ 

- 

■f 

- 

+ 

- 

5950 

0.  J 54 

0.224 

0.  135 

0.  J 33 

0.  120 

0 .  1 20 

0. 109 

0.  107 

7000 

0.439 

0.611 

0.446 

0.481 

0.439 

0 . 450 

0.387 

0.442 

3000 

0.950 

1  .  16 

0.936 

1  .04 

0.899 

0.985 

0.851 

0.962 

9  100 

1  .57 

1  . 32 

1  .60 

1  .67 

1  .56 

1.66 

1.43 

1  . 55 

10000 

2.27 

2.57 

2.21 

2.37 

2.  15 

2.35 

2.08 

2.21 

1  1000 

3.  19 

3.45 

3.  12 

3.33 

3.04 

3.27 

2.96 

3 .  J7 

12075 

4.19 

4.61 

4.26 

4.49 

4.  J6 

4.36 

4. CO 

4.22 

12950 

5.33 

5.92 

5.33 

5. 68 

5.25 

5.59 

5.  14 

5.36 

14000 

6.61 

7.26 

Test  run  in  direction  of  increasing  pressure. 
Dry  air  In  tube. 
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TA13I/-.  ±0 
Silver  Wire  -  Diameter  0.517  ram. 
In  Closed  Txibe  at  760  mm.  Pressure  Aocendlng  and  Descendlnc  Series 

Temperature  25.0oc. 
Humidity  50.0^ 

Start  Finish    Start  Finish 


Critical 

Voltage  5^°^ 

3700  3500 

3650 

Visible 
Glow 

3650 

3800  3600 

3650 

P.D. 

■f  Current  in  lO^^amp. 
Up  Down 

-  Current  in 
Up 

-4 

JO  amp. 

Down 

3650 

0.0095 

0.0032 

0.013 

0.00065 

ooou 

0.0286 

0.0J9 

0 .039 

0 .027 

4920 

0.201 

0.217 

0.512 

0.270 

5950 

0,514 

0.553 

0.735 

0.670 

7000 

1  .00 

1 . 23 

8000 

1 .68 

1.56 

J  .87 

J  .81 

9100 

2.31 

2.59 

JOOOO 

2.98 

2.97 

3.38 

3.35 

J 1000 

4.05 

4.27 

12075 

5.27 

5.27 

5.72 

5.79 

12960 

6.70 

6.70 

7.29 

7.29 
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the  aBcendinp  and  the  descending  readings.     The  tube  wae  then  open 
ed  to  the  atmosphere,   the  air  inside  it  renewed  and  a  similar  sot 
of  readings  was  taken  for  atmospheric  pressure.     The  agreement  for 
the  ascending  and  descending  series  was  much  better  than  when  the 
air  was  confined.     These  results  are  given  in  Table  4  and  Pig. 17. 
gives  a  comparison  between  the  two  series  of  tests.     It  is  very 
evident  from  these  curves  that  the  difference  between  the  positive 
curves  is  very  much  smaller  than  that  between  the  negative  curves. 
It  was  impossible  to  determine  from  the  data  at  hand  whether  this 
dissimilar  effect  on  the  tv/o  polarities  was  strictly  a  pressure 
effect  or  whether  the  condition  of  the  air  in  the  tube  had  some- 
thing to  do  with  it. 

In  order  to  do  away  with  any  disturbing  effects 
due  to  moisture  in  the  air  and  possible  changes  in  the  constitu- 
tion of  the  air  in  the  tube,  an  arrangement  v/as  devised  for  supply- 
dry  air  which  could  be  pumped  through  the  tube  out  into  the  atmo- 
sphere.    The  air  was  dried  by  passing  it  through  a  couple  of  wash- 
bottles  containing  concentrated  sulphuric  acid  and  then  through  a 
tube  containing  soda-lime.     A  #40  wire  was  strung  in  the  tube  and 
as  the  atmospheric  pressure  varied  from  day  to  day  series  of  read- 
ings were  taken  as  given  in  Table  21.     The  general  decrease  of 
current  with  increase  of  pressure  is  apparent.     The  readings  for 
the  extreme  pressures  735  mm.  and  754  mm.  are  shown  in  Fig. 18. 
These  curves  show  quite  a  regular  variation  in  the  effect  of  press, 
ure  with  a  tendency  toward  a  greater  effect  upon  the  current  for 
negative  polarity.     This  regularity  would  seem  to  indicate  that 
the  discordant  results  obtained  in  the  other  pressure  experiments 

were  due  to  the  presence  of  other  factors  than  mere  change  of  the 
pressure. 


FIG.  17.  ' 

/fVFLU£A/CE   Of"  /'/^ESSURE  UPON  CU^/f£rVT  '\ 

SILVER  W//^E    ~  D/A METER  (K05/7  MM.  I 

IN 

TU0E   OF  DJA/^ETER  4.4 S  CM.,  LENGTH  25.0  CM. 


O  f  2  3  ^  S"         &  7  S  9  /O         //  ^  """'/f 


TABLE  21. 


Effect  of  PresBure 
^40  B.  &  S.  Copper  Wire  -  Diameter  0.077  ram. 

in 

Tube  of  Diameter  4.45  om.  -  length  25.0  cm. 
Dry  Air  in  Tube 
Currents  in  10*"^  amp. 


P.D. 

735 
+ 

mm. 

758 

+ 

mm. 

749.0 
+  - 

754.0 

+ 

3860 

.00025 

.00030 

.000076 

.00005J. 

.0000J5 

.000015 

.000015 

.0000! 

4920 

0.205 

0.  176 

0.  18  1 

0.210 

0.  150 

0 . 169 

0.  150 

0.  169 

5950 

0.553 

0.676 

0.557 

0.703 

0.468 

0.6J  I 

0.468 

0.602 

7000 

1  .06 

1  .34 

I  .06 

1  .35 

0.859 

1  .17 

0.900 

J  .16 

8000 

I  .76 

2 . 28 

J  .73 

2.32 

1  . 38 

1.90 

1 . 53 

2.02 

9100 

2.58 

3.35 

2.53 

3.25 

2.15 

2.86 

2.28 

2.90 

10000 

3.45 

4.4-9 

3.43 

4.52 

2.81 

3.7  1 

2.99 

3.77 

12075 

6.24 

7.64 

6.15 

8.16 

5 . 17 

6.51 

5.40 

6.83 

Positive  Corona  Appearance 

+                735                      738                        749  754 

Jump            4080                   4100                     4-|00  4100 

Visible      4150                   4160                     4J JO  4150 


Figures  for  738.0  mm.  are  average  of  three  tests 
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10 


FIG, 18. 
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/NFLU£NCE    OF"  F'/^EdSU^E   UPON  CUR^aNT 


^-^O  /3.  c6  3.   COFFEf^  Wlf^E  —  P/AMETER  0.077  MM. 

IN 

TUB£   OF  D/A ME TET^  4-.  4- J  CM. .  LENGTH  CM. 
CONTAtNlNG   DRY  AIF 


8 


Rressares  73S.O  and  7S4.0  mm.     Temp.  E5°C. 


73S(-) 


^^ERENCE  "^OF  FOTENT/AL   /Af  KIL0\/0LT5 


6 


/O  II 


/2  f3 
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Section  2 :     Condition  of  the  Air . 

To  determine  what  effect,   if  any,  the  confining  of 
air  in  a  closed  tube  had  upon  the  coronal  current  a  eeriee  of  toatf 
was    run  under  constant  pressure  with  various  conditions  as  to  the 
closing  of  the  tube,   the  renewal  of  the  air  etc.     These  conditions 
are  given  in  Table  20  as  well  as  the  numerical  results.     These  re- 
sults indicate  that  confinement  of  the  air  has  a  great  effect  upon 
the  coronal  current  and  also  upon  the  critical  and  visible  glow 
voltages.     Such  an  effect  does  not  appear  strange  when  one  thinks 
of  the  quantities  of  ozone  formed  and  possibly  other  products, 
which  when  the  tube  is  closed  must  remain  inside  and  thus  cb.ange 
the  character  of  the  gas  to  a  considerable  extent.     It  must  be  con- 
cluded from  these  tests  that  it  is  unsafe  to  compare  results  ob- 
tained in  a  closed  tube  with  those  obtained  where  there  is  a  plen- 
tiful supply  of  fresh  air. 

Section  5:  Moisture. 

In  connection  with  the  apparatus  for  the  supply  of 
dry  air  to  the  tube,  an  arrangement  was  devised  whereby  air  could 
be  dravm  from  the  room  thru  the  tube.     The  humidity  of  such  air 
was  given  by  calculation  from  the  readings  of  wet  and  dry  bulb 
thernometers.     Parallel  sets  of  readings  were  taken  from  day  to 
day  of  the  current  flowing  when  dry  air  was  pumped  continuously 
thru  the  tube  and  when  air  from  the  room  was  sucked  thru  before 
each  reading.     The  readings  are  given  in  Table  22,  and  the  com- 
parative characteristics  for  735  mm.  pressure  and  relative  humid- 
ity 69%  are  shown  in  Fig. 19.     These  curves  indicate  a  regular  ef- 
fect due  to  moisture,  with  a  tendency  for  the  decrease  of  current 
by  humidity  to  be  greater  for  negative  polarity  of  the  wire. 
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TABLE  20. 

Variation  of  Current  with  Condition  of  Air 
Silver  Wire  -  Diameter  ,0517  mm. 

Temperature  25. 0^0 . 

Humidity  48.0^ 
Barometric  Pressure  748.0 

Ascending  and  Descending  Series  Run  Under  Following  Conditions 

1  Tube  completely  closed  and  air  not  changed 

2  Holes  open  at  ends  -  air  renewed  before  test  and  after- 
ward unchanged 

3  Holes  open  and  air  from  room  pumped  continuously  through 
tube . 

Appearance  of  Positive  Corona 

Series  J.  Series  2  Series  3 
Up      Down      Up      Down      Up  Down 

Voltage"^  3670  3200  3200  3J50  3  1.50  3300 
pt"^^^'''®       3840     3740     3760     3760     3860  3760 

Lrl  OW 
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TAELL'l  20.  continued 
Variation  of  Current  v/ith  Condition  of  Air 


WIRE 

POSITIVE 

PD 

(1) 

Tube  closed 

:  air 

1  OX  low  OVJ. 

/^^Open:  air 
renewed 

Ud 

UU  W  li 

IT  n 

up 

Up 

Down 

T  T  « 

Up 

Down 

3860 

0.0143 

W  •  U  "4:0  O 

0.0625 

0.087 

0 . 05oo 

0 ,0455 

4920 

0.203 

0.353 

0  .  ool 

5950 

0 . 553 

0.820 

0  .904 

0 .  7d0 

7000 

0.779 

1.43 

1.33 

8000 

J  .69 

1 . 98 

1.89 

2.28 

2.2J 

2.02 

2. 14 

9  1.00 

2.56 





3.28 

2.91 



10000 

3.31 

3.53 

3.63 

4.10 

4.36 

3.90 

4. 16 

1.1.000 

4.62 

4.31 



5.50 

5.20 



J.  <oU  f  O 

a  no 

6.02 

6 . 60 

7.35 

NEGATIVE 

7.35 

6.90 

6.90 

PD 

{  1  ) 

(2) 

(3) 

Up 

TTn 

up 

Up 

Down 

Up 

Down 

3860 

0.0202 

u . uo  O / 

0.0938 

0.0996 

0 .0570 

0 .0469 

4920 

0.319 

0 . 4-04- 

0.521 

0  . 50 1 

5950 

0.754 

0   Q  Ift 

\J  ^  J  J.O 

1.11 

1.03 

0 . 97b 

1.07 

7000 

J  .29 

1.89 

1.70 

8000 

1.98 

2.31 

2.40 

3.  1.9 

2.69 

2.74 

2.93 

9  1  00 

3.73 

3.97 

10000 

3.83 

4. 16 

4.59 

5. 16 

5.15 

5.27 

5.27 

11000 

5.34 

5.57 

6.64 

6.84 

12075 

7.16 

7.  J6 

7.49 

8.72 

8.72 

9  .25 

9.25 

TABLE  22. 


Effect  of  Moisture 
^40  B.  &  S.  Copper  V/ire  -  Diameter  0.077  mm. 

in 

Tube  of  Diameter  4.45  cm.  -  Length  25.0  cm. 
Temperature  SS.O^C 
Currents  in  10""^  amp. 


/  OC3  •  (J 

mm  • 

738.0  mm. 

P.D. 

Dry 

+ 

OO  /o 

Humidity 

Dry 

OO  /o 

Humidity 

Dry 

i 

■r 

63^ 
numiciity 

Dry 

63^ 
Huniditj 

3360 

— 

— 

— 

.000076 

.  UU  JUt)  J 

— 

Critical 
Voltage 

3960. 

3980. 

4000 

4080 

Visible 
jIow 

3980. 

4060. 

3980. 

3980 

4060 

41.10 

4920 

0. 189 

0.150 

0.202 

0. 174 

0 . 176 

0.  "135 

0.247 

0. 135 

5950 

0.553 

0.464 

0.7  15 

0.592 

0.553 

0.455 

0.715 

0.566 

7000 

1.05 

0.895 

1 . 37 

1  .09 

0.995 

0 . 384 

1  .31 

1.08 

8000 

1.76 

•J  .  58 

2.41 

1  .89 

1.66 

1.50 

2.21 

I  .86 

9100 

2.52 

2.3:i 

3.25 

2.86 

10000 

3.51 

3.2) 

4.88 

3.77 

3.35 

3.  10 

4.  .16 

3.34 

12075 

6.18 

5.86 

3.45 

6.76 

6 . 13 

5.73 

7.87 

7.06 

6B 


TABLK  22.  continued 


Effect  of  Moisture 


7:55.0  mm. 


754.0  mm. 


P.D. 

3860 

Critical 
Voltage 

Visible 
Corona 

4920 

5950 

7000 

8000 

9100 
J.OOOO 
12075 


69/^  69/j  38^  38^ 

Ilumldity  Humidity  Humidity      ^^Y  Humidity 


.00025 

4080.  4070. 

4150  4120 

0.205  0..I38 

0.553  0.455 

J. 06  0.898 

1.76  1.55 

2.58  2.34 

3.45  3.16 

6.24  5.73 


.000076   .00076  .000015 


.000015 


0.1.76  0.174 
0.676  0.566 
1.34  1.14 


2.28 
3.35 
4.49 
7.64 


I  .96 
2.88 
3.95 
6.83 


4100 .  4.1.30 . 

4150 .  4150 . 

O.J  50  0.124 

0.468  0.460 

0.900  0.891 

i .53  I . 54 


2.28 
2.99 


2.3  1. 
3.03 


5 . 40       5 . 40 


0.169  0.152 
0.602  0.546 
1.16  1.07 


2.02 
2.90 
3.77 
6.83 


I  .76 

2.60 
3.42 
6.00 


4/24/14  - 


5/4/  L 


FIG « 19,  69 j 

//SJFLU£/VC£.    OF  HUn/O/Tr  UPON  CURffE/VT 


"^^O  B.  <&  S.  COrr/ER  Wif^E.  —  D/AMETE/^  0.077  rfn. 

//V 

TUBE  OF  0/AM£T£E^  <f,4S  Cr^..  LENGTH  ZS.O  C/V. 
Pressure  73 JIG  mm.     Temperafure  SS^C. 


70 

The  decrease  of  current  by  the  presence  of  moisture 
is  well  known  and  these  results  bear  out  this  effect. 

To  determine  whether  the  presence  of  moisture  in  the 
air  has  an  effect  upon  the  critical  voltage,  a  test  was  run  as  fol- 
lows under  a  pressure  of  736  mm.  and  humidity  68.5^: 

Air  was  sucked  through  the  tube  from  the  room  and 
the  voltage  was  noted  at  which  the  initial  jump  of  the  galvanometer 
occurred  for  wire  positive.     Then  the  positive  glow  voltage  was 
determined  and  next  the  negative  glow  voltage.     Then  dry  air  was 
pumped  through  the  tube  and  the  same  measurements  were  taken.  An 
average  of  two  sets  of  readings  on  the  uncalibrated  low  scale  of 
the  Kelvin  voltmeter  gave  the  results: 

Wet  Air  Dry  Air 
Positive  crit.v.        4300  4190 
"         glow  V.         4350  4260 
Negative      "     v.        4275  4370 

The  effect  of  moisture  is  then  to  raise  somewhat 
the  starting  point  of  the  positive  corona  and  act  in  the  opposite 
way  for  the  opposite  polarity. 

With  wire  negative  and  moist  air  in  the  tube,  the 
discharge  begins  from  dim  spots  and  the  discharge  is  of  no  clearly 
defined  nature,  being  a  mixture  of  sections  of  continuous  glow 
and  bright  spots,  these  spots  being  immobile.     The  discharge  be- 
gins quite  differently  for  the  same  polarity  and  dry  air.     As  the 
voltage  is  increased,  suddenly  a  bright  spot  will  appear.  Then 
for  increasing  voltage  a  number  of  spots  appear  and  they  are  regu- 
larly spaced,  increasing  in  number  with  the  voltage.     These  brush- 
es are  in  continual  movement  back  and  forth. 
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The  effect  of  moisture  on  the  appearance  of  the 
negative  diecharge  was  nhown  by  the  following  experiment: 

The  tube  was  filled  with  moist  air  and  a  voltage 
somewhat  above  the  critical  value  was  impressed.     A  mixed  dischargt 
resulted  as  described  above.     Then  a  current  of  dry  air  was  start- 
ed through  the  tube  and  little  by  little  the  discharge  cleared  up 
and  resolved  itself  into  a  line  of  uniformly  spaced  brushes  which 
were  in  continual  agitation.     If  moist  air  were  again  admitted, 
the  discharge  resumed  its  former  character. 

With  moist  air  in  the  tube  and  a  fairly  high  P.D. 
the  wire  vibrates  circularly  for  both  polarities,  describing  a 
torpedo-like  figure  of  revolution.     The  filling  of  the  tube  with 
dry  air  diminishes  considerably  the  amplitude  of  the  vibration  for 
wire  positive  and  stops  the  vibration  entirely  for  wire  negative. 

Section  4:  Temperature. 

The  influence  of  temperature  upon  the  current  for 
a  #36  wire  in  a  closed  tube  under  a  pressure  of  760  mm.  was  deter- 
mined for  the  range  from  15  deg.  to  25  deg.  C.  and  the  results  ap- 
pear in  Table  16  and  Pig. 15.       The  lower  temperature  was  obtained 
by  placing  cloths  wet  with  alcohol  upon  the  tube  and  directing  a 
stream  of  air  from  a  fan  upon  it.     The  curves  indicate  that  this 
difference  of  temperature  makes  far  more  difference  in  the  current 
for  wire  negative  than  for  wire  positive,  both  currents  showing  an 
increase  for  increasing  temperature  as  might  be  expected. 

Section  5;  L(iaterial  of  Wire. 

An  attempt  v/as  made  to  determine  the  effect  of  the 
character  of  the  surface  and  the  material  of  the  wire  in  the  fol- 
lowing  way.     A  characteristic  curve  was  obtained  for  a  bright  new 


TABLE  16. 

Influence  of  Temperature  Upon  Current 
/36  B.  &  S.  Wire  -  Diameter  O.J 35  mm. 
in  Closed  Tube  at  760  mm.  pressure 
P.D.  for  Continuous  Glow 


J.50C 

25 

oC. 

+ 

5340 

5200 

5760 

5680 

P.D. 

Current 
15 

+ 

in  \0'^ 
OC. 

amperes 
250 

+ 

• 

5950 

0.0809 

0.0745 

0. 122 

0.  174 

7000 

0.308 

0.405 

0.347 

0.542 

8000 

0.696 

0.890 

0.710 

J  .085 

9100 

1.24 

1  .49 

I  .27 

J  .68 

10000 

J  .73 

2.  J2 

J  .87 

2.36 

1  J  000 

2.49 

2.96 

2.62 

3.  JO 

J  2075 

3.40 

4.05 

3.70 

4.14 

INFLUENCE   OF  -re^/^^^/iTUf^E    (/ro/V  CU/ff^FNT 
"^36  3.  S  3.  COFFEn  W//fE  —  P/AFfETEF  OJJ5^  MM. 

TUBE  OF  D/ A  METER  ^.^S  CM.,  LENGTH  2510  CFf. 
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Bteel  mandolin  "E"  string  in  a  tube  open  to  the  air.     Then  the 
wire  was  dipped  into  a  solution  of  copper  sulphate  long  enough  to 
acquire  a  smooth  coating  of  copper  and  another  characteristic  was 
obtained.     Tlien  this  wire  was  amalgamated  and  another  test  run. 
A  piece  of  the  same  wire  was  dipped  into  nitric  acid  long  enough 
to  roughen  it  without  appreciably  decreasing  its  diameter  and  a 
test  vme  run  on  it.     Small  differences  were  found  to  exist  in  the 
characteristics  but  these  differences  were  accountable  for  by  the 
changes  in  humidity  and  pressure  during  the  time  of  running  the 
series  of  tests. 

Section  6:     Magnetic  Field* 

A  strong  electromagnet  was  arranged  with  its  poles 
in  close  proximity  to  a  tube  containing  a  wire  on  which  there  was 
corona  and  no  effect  upon  the  current  or  the  appearance  of  the 
discharge  could  be  detected,  both  for  discharges  at  atmospheric 
pressure  and  reduced  pressures. 


Of  course  diameter  of  wire  and  voltage  are  also 
factors  influencing  the  coronal  current,  but  they  have  been  dis- 
cussed elsewhere  and  hence  are  simply  mentioned  here. 
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— Chapter  VI-- 
Pressure  Due  to  Ionization 

During  the  first  Bet  of  experiments  to  determine 
the  influence  of  the  pressure  upon  the  coronal  current  for  press- 
ures aroimd  atmospheric  it  was  noticed  that  when  the  P.D.  was  ap- 
plied the  manometer  connected  to  give  the  pressure  inside  of  the 
tube  showed  a  sudden  increase  of  pressure.     This  sudden  increase 
was  most  noticeable  for  the  highest  pressure  and  amounted  to  a 
centimeter  or  more.     Since  it  was  desired  to  keep  the  pressure  in 
the  tube  constant  a  carboy  was  connected  to  the  tube  to  act  as  an 
reservoir  of  large  capacity  and  prevent  the  increase  of  pressure 
from  reaching  any  noticeable  value. 

To  investigate  the  connection  between  this  increase 
of  pressure  and  the  P.D.  impressed, .a  sensitive  U-tube  open  manom- 
eter was  constructed.     The  manometer  had  a  bore  of  2.8  mm.  and 
contained  a  light  mineral  oil  of  specific  gravity  0.859.     It  was 
connected  to  the  tube,  the  pressure  in  the  tube  was  adjusted  to 
atmospheric,   the  tube  v;as  sealed  up  and  the  sudden  increase  of 
pressure  was  noted  for  voltages  from  those  necessary  to  produce 
the  coronae  up  to  those  causing  the  maximum  jump  the  manometer 
would  permit  without  forcing  the  oil  out.     The  increases  were  not- 


od  for  both  polarities  of  the  wire.     Table  2Z  contains  data  rela- 
tive to  the  size  of  the  wire  and  tube,   the  readings  observed  and 
the  increases  of  pressures  reduced  to  terras  of  millimeters  of  mer- 
cury.    Fig. 20  shows  the  increase  of  pressure  plotted  against  P.D. 

For  the  positive  polarity  of  the  wire,   there  was 
no  appreciable  increase  of  the  pressure  until  the  corona  appeared. 
When  the  wire  was  negative,   the  presence  of  a  small  brush  or  tv/o 
caused  tlie  level  of  the  columns  to  differ  appreciably  before  the 
general  discharge  appeared  along  the  wire. 

The  jump  for  wire  negative  was  greater  than  for 
wire  positive  for  the  greater  part  of  the  range  of  voltage  and  it 
will  be  seen  that  the  general  shape  of  the  curves  is  the  same  as 
that  of  the  characteristic  curves  for  the  same  size  of  wire  as 
given  in  Fig. 8.     Furthernore  by  comparing  the  numerical  values  of 
the  currents  and  increases  of  pressure  for  like  voltages  it  will 
be  found  that  they  are  proportional.     This  shows  that  the  increase 
is  an  ionization  phenomenon,  for  if  the  sudden  increase  were  due 
to  the  heating  effect  of  the  current  we  would  expect  the  increases 
to  vary  as  the  square  of  the  currents  instead  of  the  first  power. 

The  theory  of  ionization  would  lead  one  to  expect 
such  a  jump; when  the  gas  is  suddenly  ionized  the  larger  particles 
in  the  gas  would  be  split  up  by  collisions  and  each  of  the  con- 
stituent parts  would  act  as  a  separate  molecule  as  far  as  its  con- 
tribution to  the  total  pressure  is  concerned. 

This  ionization  pressure  might  serve  as  a  prin- 
ciple upon  which  to  build  a  high-tension  voltmeter,  for  if  such  a 
tube  were  once  calibrated,   the  indications  of  the  manometer  would 
give  a  measure  of  the  P.D.  impressed. 
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TABLE 

23 

• 

Pressure  Due 

to  Ionization 

/36  B.  &  S.  wire.     Tube  4.45 

cm 

.  internal  diameter,  25 

cm,  : 

long,  volume  388 

cu .  cm . 

Dry  air  in  tube,  pressure  744.0 

mm . , 

temp . 

260G. 

Manometer  bore  2.3  mm.,   containing  mineral 

oil  of 

.859 

specific 

gravity. 

Wire  Positive 

Wire  Negative 

Manometer 

-  cm. 

mm . 

Manometer 

-  cm. 

mm . 

r  .  D . 

of 

P.D. 

of 

Left  Right 

Diff . 

mercury 

Left 

Right 

Diff. 

mer cur  i 

5340 

Jump  barely 

visible 

0.000 

4800 

Jump  barely 

visit) 

le  0.00 

6180 

12.22  13.30 

1.08 

0.682 

6180 

12.20 

13.25 

1 .05 

.664 

6680 

12.19  13.59 

1 .40 

0.885 

6700 

J  1 . 98 

1 3 . 50 

1 .52 

7080 

11.72  13.82 

2.  10 

1  .33 

7100 

11  .70 

13.75 

2.05 

1  . 30 

7440 

11 .43  J4. 10 

2.62 

1.66 

7500 

11  .40 

14.08 

2.68 

1  .70 

7820 

11.00  14.56 

3.56 

2.25 

7850 

11.05 

1.4 . 40 

3.35 

2.12 

8200 

10.80  14.79 

3.99 

2.52 

8220 

10  .70 

14.80 

4.10 

2  .  59 

8620 

10.36   J 5. 20 

4.84 

3.06 

8600 

10.40 

15.10 

4.70 

2 . 97 

9200 

9.75  15.80 

6.05 

3.83 

8860 

9.92 

15.60 

5.68 

3 . 59 

9800 

Q  n     1 « 
y  .  U       1  D  .  o 

/  .  O 

4.74 

9400 

9.3 

'16.2 

6.9 

4-36 

10400 

8.3  17.3 

9.0 

5.69 

10500 

7.6 

17.8 

10.2 

6  4S 

10840 

7.4  J8.1 

10.7 

6.76 

11000 

6.8 

18.5 

11  .7 

7  . 39 

11300 

6.6  18.8 

12.2 

7.71 

11460 

5.9 

19.4 

13.5 

8 . 53 

12200 

4.8  20.3 

15.5 

9.80 

11940 

4.5 

20.7 

16.2 

10  ? 

1  2900 

3.3  22.1 

18.8 

11.9 

12640 

2.5 

22.3 

19.8 

12-5 

J  3840 

1.1     24 . 3 

23.2 

14.7 

13520 

0.4 

24.2 

23.8 

1  s  o 

1 4200 

0.2  25.2 

25.0 

15.5 

3/26/14 


FIG. 20. 


/='/^£S5UF(E    DUE.    TO  lON/Z AT/ON 


^36  3.  S5.  Copper  Wire  ~  D/amettrr  0J3S mm 
in  Tuhe  ^.4-5  cm.  c^/afmefvr  ancf  25.0  cm.  /ong 

The  graphs  Jhow  the  ^<^dc/en  increase  of  the 
pressure  in  the  tui>e  when  o  F.D.  /s  app/ied. 


— Chapter  VII — 
Discontinuous  Brush  Discharge 

It  has  already  been  mentioned  in  connection  with 
a  test  to  determine  the  effect  of  pressure  upon  critical  voltage 
that  for  low  pressures  and  negative  polarity  of  the  wire,  the  dis- 
charge took  the  form  of  isolated  beads  or  brushes  disposed  with 
approximate  regularity  along  the  wire.     In  order  to  be  able  to  see 
the  wire  broadside  a  glass  tube  was  lined  with  a  piece  of  sheet 
brass  of  such  a  width  that  a  longitudinal  slit  was  left  along  the 
tube  and  thus  permit  of  inspection  of  the  discharge  along  a  cen- 
tral wire.     The  glass  tube  was  closed  at  the  ends  by  glass  plates 
with  central  holes  drilled  through  them.     The  wire  passed  through 
these  holes  and  could  be  tightly  stretched  by  means  of  a  thumb- 
screw.    The  dimensions  of  the  apparatus  are  given  in  Table  24  and 
Fig. 21.   is  a  photograph  of  it.     This  picture  shows  the  branch  tube 
through  which  the  air  could  be  exhausted  and  a  wire  along  this 
tube  connecting  with  the  brass  sheath.     The  holes  around  the  wires 
where  they  passed  through  the  glass  plates  were  stopped  by  means  ol 
soft  wax,   the  tube  was  exhausted  and  then  filled  with  dry  air  by 
admitting  air  from  the  room  thru  the  drying  apparatus  mentioned 
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TABLE  24^ 
/30  B.  &  S.  Wire  In  Slit  Tube 
Thie  teat  performed  preliminary  to  taking  photographs  of  various 
forms  of  discharge. 

Diameter  of  wire  0.26  mm.     Tube  3.5  cm.  internal  diameter,  and 
25  cm.  long.     Slit  0.6  cm.  wide. 

Tube  closed,  containing  air  of  39 . J ^  humidity . 
Barometric  pressure  743.6  mm. 

+ 


Visible 

Glow  6S80  7100 


Galv. 

defl.  in  mm. 

Shunt 

Factor 

Current 

in  10""^ 

P.D. 

+ 

+ 

+ 

7500 

90.0 

70.0 

J  10.9 

J  10.9 

0.310 

0.24] 

8000 

J75.5 

20.3 

J  JO. 9 

1  109  .0 

0.605 

0.700 

9  1.00 

45.0 

50.0 

1  109.0 

J  J09.0 

J  .55 

1  .72 

J  0000 

77.0 

88,5 

1  J  09.0 

1109.0 

2.65 

3.05 

amp . 


PIG. 21 


3/3/14 
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previouely.     Tlien  various  forms  of  discharge  wero  produced  and  pho- 
tographs taken  of  them.     Table  25  contains  data  on  the  conditions 
for  the  different  discharges  and  the  photographs  follow  in  the  fig- 
ures . 

Series  #1,  Figs. 22  and  25,  was  taken  to  give  an 
idea  of  the  development  of  the  discontinuous  discharge  from  a  few 
intensely  bright  beads  to  a  series  of  small  brushes  spaced  with  con- 
siderable regularity  along  the  wire.     For  the  lowest  pressures  the 
beads  consist  of  a  bright  cylindrical  core  along  the  wire,  which 
core  is  surrounded  by  a  narrow  dark  space,   enveloped  in  turn  by  a 
purple  glow  of  relatively  large  diameter.     For  increasing  pressures 
the  central  core  contracts  to  a  point  and  the  discharge  instead  of 
surrounding    the  wire  to  form  a  bead,  starts  from  this  bright  point 
and  spreads  out  fan-like  in  a  plane  at  right  angles  to  the  wire. 
For  still  higher  pressures  the  fan  seems  to  shut  up  and  finally  de- 
generates to  a  small  brush.     For  all  of  the  photographs  in  Series  1. 
except  #56  and  #57,  the  wire  was  not  stretched  tightly  and  therefore 
the  regularity  of  spacing  of  the  brushes  is  not  very  great.  The 
two  photographs  mentioned  were  taken  with  the  wire  tightly  stretched 
and  the  regularity  of  spacing  is  apparent.     #10  shows  the  typical 
uniform  positive  glow.     #12  shows  the  effect  upon  the  brush  dis- 
charge of  inserting  an  arc  in  series  with  the  tube. 

Series  #3,  Fig. 24.,  shows  the  evolution  of  the  iso- 
lated brush  form  of  negative  discharge  from  a  continuous  glow. 
For  a  P.D.   just  above  the  critical  value,  the  negative  wire  was  en- 
veloped by  a  more  or  less  hazy  continuous  discharge.     Keeping  the 
pressure  in  the  tube  constant  and  raising  the  voltage  slightly 
causes  some  of  the  glow  to  turn  into  brushes  and  with  increasing 
voltage  all  of  the  glow  is  converted  into  the  uniformly  spaced  form 
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of  brush  discharge.  GoraetiineB  conditions  can  be  arranged  so  that 
the  brushes  appear  one  after  another  with  apparently  no  change  in 
the  conditions. 

Series  #4,  Fig. 25.,  shows  some  typical  discharges 
at  higher  pressures.     #24  shows  the  appearance  of  the  ordinary  pur- 
ple negative  discharge  at  atmospheric  pressure.     The  general  mesey 
character  of  the  discharge  is  evident. 

Series  #5  was  taken  to  find, if  possible,  some  defi- 
nite relation  between  the  number  of  brushes  and  the  P.D.  for  a  given 
pressure  in  the  tube.     The  increase  of  the  number  of  brushes  with 
the  voltage  and  the  regularity  of  spacing  of  the  brushes  is  apparent 
The  photographs  were  taken  at  voltages  for  which  the  distribution 
of  brushes  was  most  regular.     For  the  highest  voltages,  the  brushes 
were  in  constant  movement  back  and  forth  along  a  short  path  and  to 
secure  a  good  picture  it  was  necessary  to  make  the  time  of  exposure 
quite  short. 

Fig. 28  is  the  characteristic  curve  for  the  currents 
and  voltages  employed  in  Series  5.     This  graph  shows  the  rate  of 
increase  of  current  with  voltage  to  be  very  great  at  the  highest 
voltages  employed. 

Fig. 29  shows  the  number  of  brushes  as  a  function  of 
the  P.D.     In  some  of  the  photographs  some  of  the  brushes  were  seen 
to  be  smaller  than  the  rest  and  for  the  plotting  of  the  graph  the 
estimated  equivalent  number  of  full-sized  brushes  was  taken.  Evi- 
dentally  the  number  of  brushes  is  some  well-defined  function  of  the 
P.D.     Between  the  voltages  at  which  the  arrangement  of  brushes  was 
most  regular,   there  seemed  to  be  a  transition  period  in  which  there 
were  many  little  brushes  in  addition  to  the  larger  ones.     An  in- 
crease of  voltage  would  then  produce  a  set  of  full-sized  brushes. 
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TABLE  25. 

Data 

on  Photographs  of  Corona 

/30  13.  &  S.  Copper  Wire.     Diameter  0.26  mm.,  along  axis  of  slit 
brass  tube  of  internal  diameter  3.5  cm.,  25  cm.  long  Slit 
0.6  cm.  wide. 

Small  divisions  of  scale  shown  in  photographs  are  millimeters. 

Series  No.  J 

Pressure  and  P.D.  Varied 

Plate 
No. 

Polarity 

P.D. 

of  Wire 

Pressure    Current      No.  of 
—4 

in  mm.       10    amp.  Brushes 

Current 
per  Brush 
10"  amp. 

J 

600 

9.9            6.39  2 

3.19 

2 

850 

19.2            2.42  4 

0.605 

3 

880 

19.2            4.35  5 

0.870 

5 

1200 

34.3             1.83  5 

0.366 

7 

J600 

58.0            3.62  15 

0.240 

8 

1920 

75.7             2.24  13 

0.172 

9 

2200 

75.7             3.38  21 

0.  I6J 

JO 

+  2350 

75.7  1.12 

il. 

3500 

112,6            7.63  32 

0.238 

*I2 

3800 

J  12.6             J. 31 



36 

4940 

213.2            4.54  32 

0 .  1 42 

37 

1450 

46.9            4.33  19 

0.228 

*Short 

arc  in  series. 

Series  No.  2 

Pressure  Constant    Effect  of  Short  Arc  in  Se 

ries 

Plate 
No. 

Polarity 
of  wire 

Arc        P.D.  Pressure 

in  mm. 

♦Current 
10    amp . 

J  3 

+ 

Out        40 1 0  112,6 

3.79 

•J4 

+ 

In        4100  1X2,6 

2.17 

15 

Out        3950          J  12.6 

4,65 

J  6 

In        4J10  112,6 

2.23 

*  For  arc  in,  this  onlv  continuous  component. 

TABLE  25.  continued 
Series  No.  2 
Wire  Negative    Pressure  Constant 
Evolution  of  Isolated  Brushes  from  Continuous  Glow 


Plate 
No. 

P.D. 

Pressure 
in  mm. 

Current 
10 "  amp. 

No.  of 

Brushes 

J7 

42  J.0 

26  1  . 8 

0.722 

2 

18 

4460 

26 J  .8 

J  .24 

6 

19 

4750 

261  .8 

i.89 

11 

23 

5  J  20 

26  I  .3 

2.68 

12 

Series  No.  4 
Typical  Discharges  at  Higher  Pressures 


Plate 
No. 

Polarity 
of  wire 

Arc 

P.D, 

Pressure 
in  mm. 

Current 
10'"*amp. 

21 

Out 

5320 

357.0 

O.IJO 

22 

+ 

In 

6080 

357.0 

0.200 

23 

Out 

8500 

737.6 

0.  134 

24 

Out 

J  0160 

737.6 

0.362 

TABLE  25.  continued 
Series  No.  5 
Wire  Negative    Pressure  Constant 


Plate 

P.D. 

-i.   X         O  O  V4X  U 

Vy  U.X  1  OU  U 

no .  oi 

Current 

No . 

i  M  mm 

per^Brush 

orusnes 

iU  amp, 

26 

2500 

IIP 

t  1  o 

J  I  I 

0 . 30 

27 

2700 

1  IQ 

I  CI  o 

lot 

r\  CCS 

0 . 52 

28 

2800 

M  Q 

1  o*^ 
1.  .  uo 

17 

0 .606 

29 

2960 

1  1 Q 

1  AO 

O  1 

0 . 77  J 

30 

3  J  fiO 

1  1 Q  7 

.  <20 

oo 

CiC, 

J  .0  J 

31 

3370 

1  IQ 

O  *  O  f 

net 
c,K> 

J  .  29 

32 

3350 

119.3 

4.65 

30 

1  .55 

33 

3700 

J  19.3 

6.54 

35 

J  .87 

34 

3870 

J  J  9  . 3 

10.0 

42 

2.38 

25 

3940 

J 19 . 3 

12.2 

45 

2.71 

35 

4020 

119.3 

16.2 

47 

3.38 

FIG. 22. 
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I-     .'     ( i     7     ; !     < )     I  () 


')     If)    17    If!     I')    'JO    21    "22  23 


rfl  negative  600  volts  9.9  mm. 

3     4     ")     ()      7     H     <)     10   '11    12    i;5    14    IT)    16    17  20   21"  "22  23 


#2  negative  850  volts  19.2  mm. 


I-         <■>    7         '»    M    1!    12    I,;   i  i-   if)    in  i?    la    in  20  21 


#3  nogative  880  volte  19.2  mm. 


■>     4     '>  7     .3     0     10    n    12    13    14    I.')    16    17    18    19   20  oV^o'^T^ 

JliWiililiii/liiiiliiiiiiinliiiiniHiiMiliHiliiHliiiiliiin^ 


#5  negative  1200  volts--  54.3  mm. 


#7  negative  1600  volts  —  ---58.0  mm. 


I-  <"'      7     3     n     10    11    12    13    14    15    16    17    13    ]')    20"  21'  "22 


9Q 


^8----negative---1920  volts  -75.7  ram. 


SERIES  #1 
Pressure  and  P.D.  Varied. 


FIG. 23. 
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#10  positive  2350  volts  75.7  mm. 


l'»     M  l;5    14    1,-)     in    17     1!?     1')    20  j] 


j'i'lllll!!!''!!  Iti'Mlnlluii 


•    •      »    »     I    t     ,     I    ,  I 


llll 

Mil 

niiliiii 

iiiiliiii 

iiiiliiii 

nil  Mill 

nil  nil 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

#11  negative  3500  volts  112.6  mm. 


#12 — negative, arc  in  series — 3800  v. -^112. 6  mm. 


I)    20    21    22    ~    24  i> 

^'i'ili'ii^i"ili"iliiiiliiiiliiiiliiiilLniLiilim 


#36  --negative  — 4940  volts  —  --213.2  mm. 


.  ,       2   3   4    5  -"n  7    8   n   rr  . 

miLlllllllllllllllllllllllllllllllllllllljlllliuillllllliiilllllllllllllilliniliiiiliMjiiiiliijiliiii! 


I   r    I  f    I    I    I   1  t 


#37. 


iiiilMiiliiiMiiiiliiiiliiiiliiiiliiiiljiiil^^ 

negative  1450  volts  -46.9  mm 


SERIES  #1  (cont^d) 
Pressure  and  P.D,  Varied. 


1 


FIG. 24. 
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-^17  negative  4210  volts  2ril.3 


mm , 


^18  negative  4460  volts  261.8  mm, 


;i.    <       '       I.  I...l.„.l„ 


#19  -negative  4750  volte  261.8  mm. 


iinliHi 

milmi 

iiiilitii 

#20  nogatiN/e--"-5120  volts  261.8  -mm. 

SERIES  #3 


Wire  Negative.     Pressure  Constant. 
Evolution  of  Isolated  Brushes  from  Continuous  Glow 


FIG. 25. 
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jf:21  negative  5320  volts  r>57.0  mm, 


'  'llllllllilli 

Mil  iiiiiiiiuiJniiliiiiiuiiiiiiiiiiuiiM  Milling 

 \  -  

#22 — positivo-arc  in  89ries-6080  v. -357.0  ram, 


#23  negative  -8500  volts  737.6  mm, 


:ff24  negative  10160  volts  737.6  mm. 

Typical  negative  discharge  at  atmos.  press 

SERIES  #4 

Typical  Discharges  at  Higher  Pressures . 
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,  J 


2     3  4 

5  6 

7      »      9     10  1 

22    23   24  2 
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iiiiIiiiiliiiiliiijIiiiilMiiliiiiliiiiliiiiiiuiiuiiialid 
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i/-30  3160  volts  2.23  x  10  arap. 


SERIES  #5 

Wire  Negative.     PresBure  Constant  at  119 » 3  mm. 
Showing  Variation  of  the  Number  of  Brushes  with  the  _P 
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•  1 
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^35 — „ — 4020  volte  16.2  x  10  amp 


SERIES  #5  (cont'd) 
Wire  Negative.     Pressure  Constant  at  119.6  mm. 


PIG. 58. 

"^^J^  3.  <S>  S.  COPfJE/^  WIRE  —  O/AMETEff  0.26  MM. 

/N 

SLIT  TUBE  OF  DIAMETER  3.50  CM.,  LENGTH  25.0  Ctl. 

SLIT  O.eO  CM.  WIDE 


30 


2P 


«0 

I 


PIG > 29. 

"^JO  V\/IRE  IN  SLIT  TUBE 
WIRE  /VEGAT/VE 
F^^ESSURE    //9.3  MM. 


Number  of  Brushes  as  Function  of  RD. 


10 


0 


ENCE  or  POTENT/AL   //v  KJLOVOLTS 


DiFFE/fENCE   OF  FOTENTiAL    in  KILO  VOL TS 


U.  or  I.  S.  ^i.  FORM  3 
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—Chapter  VIII  — 
Effect  of  Short  Arc  upon  Discharges 

Series  #2,  Fig. 30.,   shows  the  effect  of  a  short 
arc  in  series  with  the  tube  upon  the  character  of  the  positive  and 
negative  discharges  for  a  constant  pressure  in  the  tube  and  an  ap- 
proximately constant  voltage.. 

The  typical  quiet  bluish  positive  discharge  shown 
in  #13  is  changed  to  #14,  which  is  more  brilliant,  of  a  purple  tinge 
and  greater  in  diameter.     In  addition  its  boundaries  seem  more  rag- 
ged. 

The  typical  discontinuous  negative  discharge  has 
its  character  changed  most  markedly  by  the  introduction  of  the  arc. 
#16  shoves  the  changed  discharge;  it  seems  to  be  made  up  of  two  ef- 
fects superimposed  upon  each  other.     The  arc  evidently  sets  up  high 
frequency  oscillations  in  the  circuit  and  an  alternating  effect  is 
superimposed  on  the  direct  current  phenomenon.     To  test  whether 
this  theory  was  correct,   the  following  experiment  was  tried :- 

A  2  mf .  condenser  was  connected  in  parallel  with 
the  tube  and  with  the  arc  in  circuit  a  P.D.  was  impressed  upon  the 
tube  of  a  value  high  enough  to  give  corona.     The  appearance  v/as  then 
as  though  there  were  no  arc  in  the  circuit.     The  high  frequency 


component  of  the  current  prefers  rather  to  take  the  path  through  the 
condenser  than  to  go  across  the  air-gap. 

It  took  an  appreciable  time  for  the  condoneor  to 
become  fully  charged  and  during  this  time  occurred  the  evolution  of 
the  brush  discharge  from  the  continuous  glow  in  the  manner  mentioned 
above,   except  that  the  time  of  the  process  was  prolonged. 

Upon  disconnecting  the  charged  apparatus  from  the 
source  of  potential,   the  discharge  through  the  tube  persisted  for 
some  seconds  due  to  the  discharge  of  the  condenser  thru  it.     As  the 
voltage  of  the  condenser  fell,   the  number  of  the  brushes  became 
fewer  and  their  brightness  diminished  until  they  vanished.  During 
this  discharge,   the  brushes  maintained  quite  a  regular  arrangement. 

The  production  of  the  discontinuous  negative  dis- 
charge by  the  discharge  of  a  condenser  is  a  good  argument  that  the 
discontinuous  discharge  is  essentially  a  continuous  potential  phe- 
nomenon.    It  is  easy  to  calculate  from  an  assumption  of  fair  values 
for  the  electrical  constants  of  the  circuit  that  the  discharge  of 
the  condenser  must  be  of  the  continuous  type  and  hence  no  alternat- 
ing effect  is  possible. 

This  series  of  experiments  with  the  arc  in  series 
illustrates  very  clearly  the  great  difference  between  positive  and 
negative  and  furnishes  a  good  example  of  the  continuous  discharge 
of  a  condenser. 

It  should  be  noted  in  connection  with  the  values  of 
current  given  for  discharges  y;ith  an  arc  in  series  that  these  give 
only  the  continuous  components  of  the  current. 


FIG. 30. 


#13  (jL.Bltiva  no  aro  4010  volta  iL2,6  mm. 


nil 

JIM 

IMf 

#14  positive  arc  4100  volts  il2.6  mm, 


#15  negative  -no  arc  3950  volts  iia.6  mm. 


^llllilllnllPIiinlliffl 


SERIES  #2 


Pressure  Constant:  Effect  of  Short  Aro  in  Series. 


— Chapter  IX 

Corona  between  Parallel  Wires 

Section  1:  Phenomena  at  Reduced  Pressures, 

Two  #34  wires,  0.167  mm.  in  diameter,  were  arrang- 
ed    parallel  and  two  centimeters  apart  inside  of  a  glass  tube  as 
shown  in  Fig. 31,  and  the  photographs  in  Fig. 32,  were  taken  of  the 
discharge  between  them  at  reduced  pressures.     The  three  lower  photo- 
graphs show  the  typical  isolated  brush  discharge  on  the  negative 
wire  with  corresponding  luminous  sections  of  the  positive  wire. 
The  negative  brushes  had  a  brilliant  nucleus  with  a  fainter  glow 
spreading  out  from  it.     For  lower  pressures  than  those  for  which  the 
photographs  were  taken,   the  discharge  became  more  brilliant;  the 
brushes  spread  farther  apart  and  increased  in  size.     Each  section  of 
positive  glow  was  usually  of  uniform  brilliancy.     But  for  compara- 
tively low  pressures  and  high  voltage,   these  positive  sections  be- 
came somewhat  discontinuous,  bright  spots  being  mixed  in  with  the 
uniform  glow. 

The  introduction  of  a  short  arc  in  series  made  a 
marked  change  in  the  nature  of  the  discharge.     Both  wires  were  more 
or  less  completely  covered  with  a  nearly  uniform  glow  and  there  was 
no  longer  any  marked  difference  between  positive  and  negative.  The 
brilliancy  of  the  discharge  depended  upon  the  fatness  of  the  arc. 
V/ith  the  arc  in  series,  low  pressure  and  a  relatively  high  voltage, 


FIG. 32. 
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Apparatus  Used.     y/rS4  Coppor  Wires,   0.167  mm.  diam.,??  cm.  apart. 


Arc  in  SerieR--8000  volts  — 1.80  x  lO^^amn.  7,12,2  mm 


Arc  in  Series — 8000  volts — 1.14  x  10     amp  312.2  mm. 


8000  volts — 2.35  x  10     amp. "--312. 2  mm. 


No  Arc  8700  volts- 


— ^„--___450. 0  mm. 


No  Arc 


.„  8400  volte  

SERIHIS  #6 

Corona  between  Parallel  V/irea  at  Reduced  Pressures 


/ 
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the  dlBcharfc  between  the  wires  reeemblod  a  sheet  of  luminous  rain. 
An  intermediate  effect  had  bluish  stroaniers  between  the  wires. 

It  should  be  remarked  that  the  values  of  current  given 
for  the  cases  where  an  arc  was  used  are  only  the  continuous  compon- 
ents of  the  current. 


PIG. 31 


Section  2;     Phenomena  at  Atmospheric  Pressures. 

Two  #36  v/ires  were  stretched  over  hard  rubber  brid- 
ges so  as  to  be  parallel  and  three  centimeters  apart  and  a  charac- 
teristic teat    was  obtained  for  the  discharge  between  them.  The 
dimensions  of  the  wires,   the  atmospheric  conditions  and  the  data 
for  a  characteristic  curve  are  given  in  Table  26.     A  sudden  increase 
of  the  deflection  of  the  galvanometer  marked  the  critical  voltage 
as  in  the  case  of  former  tests  with  wires  in  a  cylindrical  field. 


J 


TABLE  26. 

Two  Parallel  ^36  Wires  -  0.135  mm.  diam, 
36.2  cm.   long  and  3.0  era.  apart 
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P.D, 

6000 
6400 
6500 
7000 
8000 
9000 
10000 
■|  2000 
14000 


Temperature  26.5 

Relative  Humidity  43.0^ 

Barometric  Pressure  749.0 

Deflection    Shunt  Factor  Current  in  10 
in  mm. 


-4 


amp 


0.3  :i,.o 
0.5  1.0 

Critical  Voltage 


125.0 
37.0 
75.0 
30.0 

J  98.0 
49.0 


1.0 

12.832 
'IP.  832 
128.32 
:J  28 . 32 
I  283.2 


0.00001.5 
0.000025 

0.00634 
0.024 1 
0.0488 
0.  195 
1.29 
3.19 


F  =  5.07  X  10"^  amp.  per  mm,  deflection 


5/6/14 
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It  v/as  no  tod  in  thie  test  that  there  was  a  considerable  current 
flow  between  the  wires  before  there  was  any  indication  of  a  glow. 
At  10000  volts  a  flickering  glow  along  the  positive  wire  gave  the 
first  indication  of  a  general  glow. 

When  the  visible  discharge  was  fairly  started,  it 
took  the  form  of  a  uniform  continuous  glow  alojig  the  positive  wire 
and  a  fairly  regular  arrangement  of  brushes  along  the  negative  wire 
This  discharge  was  examined  on  a  day  when  the  humidity  was  consid- 
erably greater  and  it  was  noticed  that  negative  discharge  had  lost 
all  appearance  of  a  regular  distribution  and  there  was  more  of  a 
continuous  glow  effect. 

It  was  noticed  that  the  negative  v/ire  bowed  in 
toward  the  positive  and  that  the  positive  bowed  away  from  the  neg- 
ative.    This  effect  was  noticed  in  one  of  the  preliminary  experi- 
ments with  an  influence  machine. 

When  the  wires  were  purposely  made  rather  slack  in 
order  to  intensify  the  effect  it  was  found  that  the  positive  wire 
vibrated  strongly  with  a  circular  motion  and  that  the  negative  was 
motionless.     If  the  polarity  of  the  wires  was  reversed,   the  phe- 
nomenon reversed  also  and  it  was  still  the  positive  wire  which  vi- 
brated. 

Section  5.     Exploration  of  Field  between  Parallel  Wires. 

A  glass  tube  with  a  platinum  contact  wire  project- 
ing axially  from  its  tip  was  fixed  into  a  wood  block  in  such  a  man- 
ner that  when  the  block  was  moved  across  a  board  beneath  and  paral- 
lel to  the  plane  of  the  wires,   the  platinum  contact  point  moved  in 
the  plane  of  the  wires.     By  means  of  a  scale  fixed  across  the  board 
perpendicular  to  the  direction  of  the  wires  it  was  possible  to  set 
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the  contact  point  at  any  desired  poBition  between  the  wires.  V/hen 
the  r^round  terminal  of  one  of  the  electrostatic  voltmeters  was 
connoctod  to  the  grounded  negative  wire  and  the  high  tension  ter- 
minal v;as  connected  to  the  contact  point  it  was  found  that  the  volt 
meter  deflected  when  there  was  a  current  flow  between  the  wires 
and  the  contact  point  was  in  the  neighborhood  of  the  wires.     So  Ion 
as  there  was  no  current  flow  between  the  wires  there  was  no  deflec- 
tion. 

Table  27  gives  the  results  of  an  exploration  of  the 
field  for  differences  of  potential  of  8000,   10000,  and  12000  volts 
between  the  wires. 

Fig. 33  shows  the  curves  for  field  distribution  as  plot- 
ted from  the  data  of  Table  27  and  also  the  distribution  of  the  elec 
trostatic  field  between  the  wires  as  calculated  from  the  formula 
for  the  electrostatic  field  on  a  line  between  the  axes  of  parallel 
wires.     If  p  denote  the  point  where  the  potential  is  desired,  A 
and  B  the  inverse  points  of  the  circular  sections  of  the  wires  and 
Q  represents  the  charge  per  unit  length  of  one  wire,  the  potential 
V  at  the  point  is  given  by 

V  =  -  2q  log  (  AP/BP  ) 

Sufficient  accuracy  was  obtained  for  the  purpose  in 
hand  by  taking  the  inverse  points  as  at  the  centers  of  the  wires. 

An  examination  of  the  curves  for  the  actual  distribu- 
tion of  the  field  discloses  the  fact  that  there  are  large  anode  and 
cathode  falls  of  potential,   the  anode  fall  of  potential  being  the 
greater  for  the  two  lower  potential  differences.     For  these  also 
the  actual  field  departs  widely  from  the  electrostatic.     For  the 
12000  curves  the  actual  and  electrostatic  fields  becom.e  more  alike. 
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Tho  field  is  dietorted  through  ionization,  beoause 
the  positive  are  driven  toward  the  negative  wire  and  form  a  layer 
of  positive  electricity  round  about  the  negative  wire.  Hence 
there  results  a  very  large  fall  of  potential  around  this  wire. 
Around  the  positive  wire  there  is  an  accumulation  of  negative  elec 
tricity  and  hence  there  is  a  fall  of  potential  here  also.     But  the 
positive  and  negative  ions  are  of  different  size  and  mobility  and 
therefore  the  distortion  of  the  field  about  the  positive  wire  is 
different  from  that  around  the  negative  wire. 
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